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VOLUME 2, APPENDIX A (Continued)

_, HYDROGRAPHS (Continued)

NUMBER FOLLOWS TAB

D-35 Hydrograph of Site 09, A1-Aquifer Wells (continued) A (Hydrographs)

D-36 Hydrograph of Site 09, A1-Aquifer Wells (continued)

D-37 Hydrograph of Site 09, A1-Aquifer Wells (continued)

D-38 Hydrograph of Site 09, A1-Aquifer Wells (continued)

D-39 Hydrograph of Site 09, A2-Aquifer Wells

D-40 Hydrograph of Site 09, A2-Aquifer Wells (continued)

D-41 Hydrograph of Site 09, A2-Aquifer Wells (continued)

D-42 Hydrograph of Site 09, A2-Aquifer Wells (continued)

D-43 Hydrograph of Site 09, A2-Aquifer Wells (continued)

D-44 Hydrograph of Site 09, B-Aquifer Wells

D-45 Hydrograph of site 09, B-Aquifer Wells (continued)

D-46 Hydrograph of Site 09, C-Aquifer Wells

D-47 Hydrograph of Site 10, A-Aquifer Wells

D-48 Hydrograph of Site 10, B-Aquifer Wells

D-49 Hydrograph of Site 10, C-Aquifer Wells

D-50 Hydrograph of Site 11, A1-Aquifer Wells

D-51 Hydrograph of Site 12, A1-Aquifer Wells

D-52 Hydrograph of Site 14, A1-Aquifer Wells

D-53 Hydrograph of Site 14, A2-Aquifer Wells

D-54 Hydrograph of Site 19, A-Aquifer Wells

r_,wn13cos.l(132)_7-2s-92_ xix



VOLUME 2, APPENDIX A (Continued)
HYDROGRAPHS (Continued)

NUMBER FOLLOWS TAB

Potentiometric Surface Contour Map, A-Aquifer West, May 1990 (Potentiometric
Maps)

Potentiometric Surface Contour Map, A-Aquifer East, May 1990

Potentlomemc Surface Contour Map, A-Aquifer, May 1990, Sites 1 and 2

Potentaomemc Surface Contour Map, AI-Aquifer, August 1990

Potentiometnc Surface Contour Map, A2-Aquifer, August 1990

Potennometnc Surface Contour Map, A1-Aquifer, November/December 1990

Potentlomemc Surface Contour Map, A2-Aquifer, November/December 1990

Potentaometnc Surface Contour Map, A1-Aquifer, March 1991

Potenuomemc Surface Contour Map, A2-Aquifer, March 1991

Potentiomemc Surface Contour Map, A1-Aquifer, May 1991

Potentaomemc Surface Contour Map, A2-Aquifer, May 1991
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VOLUME 2, APPENDIX B

_, ANALYTICAL DATA

FOLLOWS TAB

Analytical Data B

Results of Validated Sample Analyses Tab/Page
Site 8 - Aquifer A1 Site 8/B8-1

- Aquifer A2 /B8-14
- Aquifer C /B8-31

Results of Validated Sample Analyses
Site 9 - Aquifer A1 Site 9/139-1

- Aquifer A2 /B9-84
- Aquifer B2 /B9-160
- Aquifer B3 /B9-184
- Aquifer C /B9-186

Results of Validated Sample Analyses
Site 12 - Aquifer A1 Site 12/1312-1

Results of Validated Sample Analyses
Site 14 - Aquifer A1 Site 14/B14-1

- Aquifer A2 /B14-7

Results of Validated Sample Analyses
Site CLEAN - Aquifer A1 CLEAN/BCLN-1

- Aquifer A2 /BCLN-11

Results of Validated Sample Analyses
Site MEW - Aquifer A1 MEW/BMEW-1

- Aquifer A2 /BMEW-21
- Aquifer B2 /BMEW-37

KN/WPg13CON.I(132)/07-2,g-92/F4 xxi



VOLUME 3, APPENDIX C
BORING LOGS/CPT

FOLLOWS TAB

Legend for Log of Borings and Test Pits C (Boring Logs)

SITE 8 - WELLS (IT) Site 8 - Wells
(IT)

W8-2(A2)
W8-3(C)
W8-4(A1)
W8-6(A1)
W8-8(A1)
W8-10(A2)
W8-11(A2)
W8-12(A2)

CPT-(IT) Site 8 - CPT
(IT)

CPT8-3
q_' CPT8-5

CPT8-7
CPT8-10
CPT8-12
CPT8-14
CPT8-18
CPT8-19
CPT8-21

CPT - (CLEAN) Site 8 - CPT
(CLEAN)

CPT-2
CPT-4
CPT-5
CPT-10
CPT-11
CPT-14
CPT-20
CPT-39
CPT-46
CPT-60
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VOLUME 3, APPENDIX C

BORING LOGS/CPT (Continued)

SITE 9 - WELLS (IT) Site 9 - Wells
(IT)

W9-3(C)
W9-4(B2)
W9-5(B3)
W9-7(A1)
W9-9(A2)
W9-13(A2)
W9-14(A2)
W9-15(B2)
W9-20(A2)
W9-21(A2)
W9-22(A2)
W9-23(A1)
W9-25(A2)
W9-27(A2)
W9-33(A2)
W9-34(A2)
W9-35(A1)
W9-37(A1)

_, W9-38(A1)
W9-39(B2)
W9-41(A2)
W9-42(A2)
PT9-3(A2)

WELLS - (CLEAN) Site 9 - Wells
(CLEAN)

W29-1(A)
W29-7(A2)
W29-10(A2)
W89-1(A)
W89-2(A)
W89-11(B1)
W89-12(B1)

WELLS - (MEW) Site 9 - Wells
(MEw)

MEW-2(C)
MEW-3(B)
MEW-3(C)
MEW-4(B)
RW-9
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VOLUME 3, APPENDIX C

BORING IZK_S/CPT (Continued)

MEW-10(B)
MEW-12(B)
MEW-45(A)
MEW-46(A)
MEW-49(A)
MEW-54(A)
MEW-57(A)
MEW-61(A)
MEW-64(B)
MEW-65(A)
MEW-79(A)
MEW-82(A)

CPT- (IT) Site 9- CPT
(IT)

CPT-9-5
CPT-9-6
CPT-9-9
CPT-9-11
CPT-9-21
CPT-9-22
CPT-9-25
CPT-9-26
CPT-9-32
CPT-9-36
CPT-9-39
CPT-9-40
CPT-9-44

CPT - (CLEAN) Site 9 - CPT
(CLEAN)

CPT-89-5
CPT-89-13
CPT-29-18
CPT-29-40
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VOLUME3, APPENDIXC (Continued)

GEOPHYSICALLOGS

FOLLOWS TAB

SITE 1 C (Geophysical Logs,
Site 1)

GB-4
GB-5
GB-6

SITE 2 Site 2
GB-1
GB-2
GB-3

SITE 3 Site 3
GB-13
GB-14
GB-15
GB-16
GB-17

SITE 4 Site 4
GB-18
GB-19
GB-20

SITE 5 Site 5
GB-21
GB-22
GB-23

SITE 6 Site 6

SITE 7 Site 7
GB-24

SITE 8 Site 8
GB-25
GB-26
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VOLUME3, APPENDIXC (Continued)

_, GEOPHYSICALLOGS (Continued)

FOLLOWS TAB

SITE 9 Site 9
GB-7
GB-8
GB-9
GB-10
GB-11
GB-12

SIrE 10 Site 10
GB-27
GB-30

SITE 11 Site 11

SITE 12 Site 12

SITE 13 Site 13

SITE 14 Site 14
GB-28

SITE 15 Site 15

SITE 16 Site 16

SITE 17 Site 17

SITE 18 Site 18

SITE 19 Site 19
GB-29

KN/WP813CON.1(132)tq_'/-28-92/F4 xxvi



VOLUME 4, APPENDIX D
GROUNDWATER FLOW MODEL

FOLLOWS TAB

MODFLOW Input D, Groundwater
Flow Model

MODFLOW Output

SOLUTE TRANSPORT MODEL

FOLLOWS TAB

Boundary Source Only, D, Solute Transport
No Retardation Model

Boundary Source Only,
Retardation = 2.02
Additional Source,

Without Retardation

Additional Source,
Retardation = 2.02
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VOLUME 4, APPENDIX E

RISK ASSESSMENT MODELS

FOLLOWS TAB

Indoor Air Modeling E
Concentration in Vegetables

VOLUME 4, APPENDIX F
AQUIFER TESTS

FOLLOWS TAB

Westside Aquifer Test Analysis F
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Appendix D
Groundwater Flow Model and Solute Transport Model

This appendix contains input and output data for the flow model and output data for the

solute transport model. Input for the flow model consists of the modular input data files.

Each data file is marked for the reader's convenience. Input data are followed by the model

output.

Only the output for the solute transport model is included. Four separate output files are

included reflecting the conditions imposed. The output fries list all input parameters before

the computational results are given.

D.1.0 MODFLOW Model Development
For development of a three-dimensional flow model for Moffett Field, the aquifer system was
divided into four horizontal layers to represent the AI-, A2-, B2-, and B3-aquifer zones as

defined in Chapter 3.0 of the Remedial Investigation (RI) Report. The aquitards were

simulated by varying the leakance between the appropriate aquifer zone. The input parame-

_' ters for the computercode were developed from data obtained during the field investigation

and from the RI/Feasibility Study (FS) reports for the Middlefield-Ellis-Whisman (MEW)

Area. In the model, Layer 1 corresponds to the Al-aquifer zone, Layer 2 to the A2-aquifer

zone, Layer 3 to the B2-aquifer zone, and Layer 4 to the B3-aquifer zone.

Aquifer boundary conditions were established for the bay and southern portions of the model

area. General head boundaries were used for the upgradient boundary (southern) to simulate

heads controlled by a piezometric surface external to the model and removed at an unknown

distance. Constant head boundaries were used to simulate heads controlled by the external

source or sink within the Model Area. The hydraulic heads near the bay were known to he

below sea level within the A1- and A2-aquifers and were simulated by constant head bound-

aries. As indicated in Chapters 3.0 and 5.0 of the RI Report, the low heads are believed to be

the result of excessive water withdrawal.

The following steps were followed to develop the three-dimensionalflow model for Moffett
Field:
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• Determine thickness of aquifer units and layer limits.

_, • Establish optimum finite difference size.
• Establish water transmission properties of each layer and areal heterogeneities.
• Assign constant head or river boundaries and leakance terms to salt pond/bay

cell or node.
• Determine area recharge values for Base area.
• Develop general head boundary terms for off-site hydraulic heads.
• Determine leakance terms for aquitards separating layers.
• Calibrate model against known groundwater elevation configuration.

D.1.1 Aquifer Zone Characteristics

Aquifer and aquitard thickness for each unit has been established from geophysical and well

boring log data (IT calculation check prints, 1991a). Cumulative thicknesses of each aquifer

zone were summed and plotted on isopach maps. Using the isopach maps, the thickness

variations were discretized into domains of equal thickness for each model layer and then

transformed into transmissivity domains for each area by multiplying by the appropriate

hydraulic conductivity value.

The finite difference block size that allowed adequate resolution with a reasonable number of

grid blocks was 300 by 300 feet.

Transmissivities/hydraulic conductivities for aquifer materials below the Al-aquifer at Moffett

Field are poorly constrained. Pump tests have been conducted in the Al-aquifer by PRC

Environmental Management, Inc. (PRC), and in the RI Report for the MEW sites by Harding

Lawson Associates (HLA, 1987). The results are summarized here as Table D.I-1. Transmi-

ssivities/hydraulic conductivities for the A1 and A2 zones calculated from aquifer tests

conducted during this RI are presented in Appendix F.

Table D.1-1

Hydraulic Conductivities for Aquifers at MEWa
(ft/min)

Source A1 A2 B2 B3

HLAb 0.79 0.25 2.4 x 10-3 2.5 x 10-3

PRC 1991 0.18 -

_' aplease refer to Section 3.6 of the RI for comparisons between MEW, PRC, and IT aquifer
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designations. Aquifer units in this table follow IT designations.
bData from HLA derived from pump tests conducted during the MEW RI/FS in 1987/1988.
See Figure 3.6-2 for correlations between MEW and IT aquifer designations.

As discussed in Section 3.6, there are differences in aquifer definition between the MEW area

and Moffett Field. These differences may be, in part, due to facies changes. Table 3.6-1

provides the comparisons between MEW, PRC, and IT designations of aquifer zones. Based

on the thickness and depth to the top of the respective aquifer zones, there may be some

thickening and thinning of the aquifers. From examination of this figure, it is apparent that

the aquifer zone designated B1 at the MEW area corresponds with the aquifer zone designat-
ed A2 at Moffett Field.

From analysis of data available for aquifer materials in the MEW area (IT, 1991b), the

aquifer materials in the A1 and A2-aquifer zones are heterogeneous. For the purpose of

setting up the flow model, it was assumed, based on boring logs and pumping tests, that the

aquifer is principally silty sand, cut by sand channels. Hydraulic conductivity values for these
material types are provided in Table D.1-2.

Table D.1-2

Hydraulic Conductivity Assigned to Model Material Types

Unified Soil
Classification

Soil Types System Symbol K (cm/s)a K (ft/day)

Silty sand SM or SC 1 x 10-5 to 1.0 x 10-4 0.028 to 0.280

Sand SP or SW 1 x 10-3 to 1 x 10"1 2.83 to 28.3

Gravels GC to GM 1 x 10-2 to 1 x 100 28.3 to 283.0

aFrom Freeze and Cherry, 1979.

D.1.1.1 A 1-Aquifer Zone Hydraulic Conductivity Distribution

Hydraulic conductivity ranges from a high value of 1.6 cm/s (4535.4 ft/day) (PRC, 1991) to a

low value of 1.8 x 10-3 crn/s (5.10 ft/day) (HLA, 1988; IT calculation sheets, 1991c).

Within Site 9 values for hydraulic conductivity are on the order of 0.10 to 0.5 cm/s (283 to

1,417 ft/day) with notable outliers. Values for hydraulic conductivity from tests in the MEW

Area are on the order of 1 x 10-1to 1 x 10-3 cm/s (283 to 0.28 ft/day) (HLA, 1988), also

with outliers. The Al-aquifer materials in the MEW Area are assumed to comprise poorly
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gradedfine sands with K = 1.0 x 10.2 cm/s (2.83ft/day). At Moffett Field, which lies closer

_, to the bay, the fine fractions of the sands are assumed to be more dominant with a hydraulic

conductivity on the orderof 1 x 10.3 cm/s (0.29 ft/day). Pump tests in the areaof Site 9

suggest the presence of localized sand channels, and borings indicate unit thickening. Figure

D-1 indicates the distribution of materialtypes and the zones used to develop the Al-aquifer

zone hydraulic conductivity model. Hydraulic conductivity in the sand channels defined in IT

calculation sheets, (1991a) is assumed to be 1 x 10"1cm/s. Table D.1-3 provides the values

of hydraulic conductivity assigned to the zones shown in Figure D-1.

Table D.1-3

Hydraulic Conductivity Values Assigned to Model Zones for A1-Aquifer

Zone [ K

Zone 1 28.3 ft/day

Zone 2 0.283 ft/day

Zone 3 283 ft/day

Vertical hydraulic conductivity A1/A2 1.78 x 10"2ft/day

D. 1.1.2 A2..Aquifer Zone Hydraulic Conductivity Distribution

All aquifer model layers that are below the upper most model layer require transmissivity as

input rather than hydraulic conductivity. Transmissivity was computed as the product of the

thickness of aquifer material (b) and hydraulic conductivity. Hydraulic conductivity for the

A2-aquifer zone was derived from pump tests conducted by HLA (1988). As shown in IT

calculation sheets (1991a), the hydraulic conductivity for the A2-aquifer (MEW Bl-aquifer)

ranges from 1.4 x 10-3 to 2.5 x 10"1cm/s (3.97 to 708 ft/day). There are fewer data control

points for the A2-aquifer, and fewer pump tests were run; however, channels mapped for both

the Al-and A2-aquifer zones appear to fall in the same general areas (see Figures 3.4-14 and

3.4-15).

Hydraulic conductivity ranges from 1 x 10-3 to 1 x 10"1cm/s (2.83 to 28.3 ft/dy) with values

around 1 x 10-2 crn/s occurring 8 out of 18 times (I-ILA,1988, and summarized in calcula-

tions in IT calculation sheets, 1991c). The A2-aquifer zone at Moffett Field appears to be

continuous with the B 1-aquifer at the MEW area. These results suggest that hydraulic
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conductivity distribution is similar to that of the Al-aquiferzone (compare Figure D-1 to

_, Figure D-2). This assumptionwas used in developing the A2 model layer. Table D.1-4 lists

transmissivity zones (derived from data presented in IT calculation sheets, 1991a).

Table D.1-4

Transmissivity Values Assigned to Model Zones for A2- Aquifer

Thickness Zones

ba=5 b=10 b= 15 b=20

K T (ft2/day) T (ft2/day) T (ft2/day) T (ft2/day)

K Zone 1 -- 28.3 ft/day 142 283 425 566.0

K Zone 2 -- 2.83 ft/day 14.2 28.3 42.5 56.6

K Zone 3 = 283.0 ft/day 1420 2830 4250 5660

at)= thickness

D.1.1.3 B2- and B3-Aquifer Unit Hydraulic Conductivity Distribution
Data for the B2-aquifer are limited to three monitoring wells. The mean value for the

hydraulic conductivity is approximately 1 x 10-3 cm/s (2.83 ft/day). The B2-aquifer is

considered as confined (IT, 1991b) and therefore is treated in the same way as the A2-aquifer

(i.e., the thickness and hydraulic conductivity are entered to the computer model as transmis-

sivity). Thickness domains are obtained from IT calculation sheets (1991b). The thicknesses

of individual domains and the corresponding transmissivity domains derived are provided in
Table D.1-5.

Data for the B3-aquifer are limited; therefore, it was hypothesized that data from the B2-

aquifer exhibits the same mean values. Transmissivity for both B2- and B3-aquifers are

distributed based on thickness zones. Figures D-3 and D-4 show the location of transmissi-

vity zones used in the flow model for the B2- and B3-aquifer zones, respectively.
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Table D.1-5

TransmissivityValuesAssignedto Model Zonesfor B2- and B3-Aquifers

Thickness Zones

b=5 b=10 b=15 b=25 b=35 b=40

Hydraulic Conductivity T T T T T T
ft2/day ft2/day ft2/day ft2/day ft2/day ft2day

For B2 and B3 K = 2.83 ft/day 14.3 28.3 42.5 70.9 99.2 113.0

D.1.2 Boundary Conditions

The major recharge areas for the AI-, A2-, B2-, and B3-aquifer zones (Moffett designation)
are believed to be outside of the Moffett Field and MEW areas (PRC, 1991); therefore, these

recharge areas are treated as general head boundaries in the model. Heads for the boundaries

at Column 39 were projected from the water table surface maps for May 1991 for aquifers A1

and A2, (Figures L-1 and L-5, IT, 1991d). Therefore, the head values at the southern

boundaries are dependent on and proportional to heads outside of the model area. Head

values for the northern boundaries are controlled by heads imposed by the bay and water

withdrawal at the drainage sump and are assumed to be consistent head boundaries for this
model.

The values for the general head boundaries were derived from water elevation contours as

shown in the above referenced figures. The southern boundary values appear to be approxi-

mately 2 feet lower in the A2-aquifer than in the Al-aquifer.

D.1.3 Leakance Terms

Hydraulic conductivities were derived from test analysis of aquifers based on evaluation of

data and an assumed leakance factor (computed by the model from values of vertical

hydraulic conductivity and estimated aquitard thickness, which are input terms) and assuming

100 percent contribution of inflow from either the overlying or underlying aquitard (HLA,

1988). (Vertical conductivities for the ALIA2,A2/B2, and B2/B3 aquitards are reviewed in

IT calculation sheets, 1991c.) Table D.1-6 indicates the order of magnitude of the hydraulic

_, conductivity in the vertical direction (Kv).
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Table D.1-6

Input Values for Calculation of Leakance Term for Aquitard Layers

Aquitard Kv (cm/s)a

A1/A2 1 x 10-5

A2/B2 1 x 10-6

B2/B3 1 x 10.4

aKv - hydraulic conductivity in the vertical direction.

Leakance terms required by MODFI/)W (McDonald and Harbaugh, 1988) are defined as

Kv/b where b is the aquitard thickness.Aquitard thickness was estimated from the depth to the
bottom and top of the respective aquifers. Vertical hydraulic conductivities for the A1/A2

and A2/B2 aquitards are given in Table D.1-6.

Aquitard thickness for each model layer was estimated from the elevations of the base of one

aquifer and the top of the underlying aquifer as shown in the structural contour maps

provided in IT calculation check sheets (IT, 1991a).

D.1.4 Calibration

The initial model runs for each aquifer layer did not produce satisfactory reproduction of

steady-state water elevations at the facility. Specifically, the position of the sea level contour
line was shifted too far north, and the curvature of the contour lines did not match the

contour shapes as shown in IT 1991b. Although some uncertainty in contour curvature and

placement exists because of the limited number and areal distribution of control points, the

initial simulation was not close to site conditions. Therefore, the position and order of

magnitude of the aquifer parameter zones were adjusted to produce a more acceptable water

table configuration. This adjustment was justifiable because more is known about the water

table surface than about the position of changes in material properties of the aquifers.

Hydraulic conductivities for the east side of the facility were adjusted downward in the area

of Sites 5, 6, and 7, which caused displacement of the zero lines in the A 1- and A2-aquifer

zones to the south, more in line with observed site conditions.
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Modeleddrainswere located in Layer 1only (Al-aquifer zone). The modeldefinesa drain
_, as a sink whengroundwaterelevationis above a predeterminedelevationwithin the node. If

the groundwaterelevationis below the predeterminedelevation,the node will be inactive.

The effect of the drain in Layer 1 was very evidentin Layer 2, matchingthe effectsseen in

the observeddata. This demonstratesleakancebetweenthe A1- and A2-aquiferzonesat this
location.

Transmissivitywas reduced in the area of Sites 5, 6, and 7 for the B2-aquiferso that water
levels wouldmore closely matchthe observeddata.

While calibration was based on comparison of the water table configuration, model water

levels were numerically compared to the average water elevations collected during the

Second, Third, and Fourth Quarters of 1990 and the First Quarter of 1991. The final

comparisons are given in Table 5.2-3 (Chapter 5.0). Monitoring wells were located by the

grid node in which they fell. Where a well was on or near a block boundary, model levels in
the adjoining grid blocks were averaged for comparison. Actual water levels used for

comparison are averages of up to four quarterly water level measurements from 1990 to 1991.

The mean of the difference between average observed and model water levels for the A1-

aquifer is 0.16 foot (standard deviation [SDEV] -- 2.16 feet), for the A2-aquifer 0.95 foot
(SDEV = 1.95), and for the B2-aquifer 2.15 feet (SDEV -- 1.57). There is only one data

point for the B3-aquifer, and the predicted head is 2.59 feet higher than the historical average

head in that well. Comparisons should not be used to statistically evaluate the model results

with respect to individual wells.

Modeling of the groundwater levels for the B2-aquifer closely matches actual conditions of

that aquifer at the base. Transmissivity domains were adjusted slightly, and hydraulic

conductivities were reestimated during calibration. It was found that the adjustments made

did not markedly affect the absolute magnitude or gradient of heads within the B2-aquifer;

however, some changes were noted in the hydraulic head levels in both the A1- and A2-

aquifers.

Similarly, comparison of actualwater levels (average of all data) and modeled water levels

did not compare favorably when comparisons were made to the initial runs for the A1, A2,

and B2-aquifers. Hydraulic conductivity domains and transmissivity domains were shifted or

multiplied by factors of 10 to establish the sensitivity of the model to these parameters. It

was found that the model was not greatly sensitive to changes in transmissivity within the
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confinedlayers but did appear to be somewhatmoresensitiveto changesin hydraulic
_,, conductivityin the uppermostunconfinedlayer.

D.1.5 References for Flow Model Development

Canonie Environmental, 1988, Feasibility Study, Middlefield-EUis-Whisman Area, Mountain
View, California.

Freeze, L. A. and V. A. Cherry, 1979, Groundwater, Prentice-Hall Inc., Englewood Cliffs,
New Jersey.

Harding Lawson Associates (HLA), 1987, Remedial Investigation, Middlefield-Ellis-Whisman
Area, Mountain View, California.

Harding Lawson Associates (HLA), 1988, Remedial Investigation Report; RIIFS Middlefield.
EUis-Whisman Area, Mountain View, California.

IT, 1991a, Thickness of Aquifer Units at NAS MoffettField, IT Calculations and Calculation
Check Prints.

IT, 1991b, Site Characterization Report, NAS, Moffett Field.

IT, 1991c, Hydraulic Conductivifies for Aquifers A to B3 MEW Sites Based on Results of
_, Harding Lawson Pump Tests, IT Calculation Check Prints.

IT, 1991d, Quarterly Status Report for the 3rd Quarter 1991, Moffett Naval Air Station.

McDonald and Harbaugh, 1988, A Modular Three Dimensional Finite Difference Ground-
water Flow Model, U.S. Geologic Survey Techniques of Water Resources Investigations,
Book 6.

PRC, 1991,Draft OperableUnit 4 TechnologyScreeningReport,CLEANContractNo.
N62474-88-D5086.
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D.2.0 Solute Transport Model

D.2.1 Transport Model Development

Thesolutetransportmodel,MOC, usedfor thewestsideaquifersis a two-dimensionalfinite

difference model developed by the U.S. Geological Survey (USGS). The A1- and A2-aquifer
zones exhibit the most significant impact by chlorinated solvents, which form the most

extensive plume at Moffett Field. Therefore, these aquifers were chosen for solute transport

modeling.

Figure 3.6-1 of this RI report provides comparisons between aquifer zones at Moffett Field,

the MEW area, and terminology used by PRC (1991). Thus, for the modeling of solute

transport, one layer can represent the A1- and A2-aquifer zones. Aquifer testing at Moffett

Field has shown that the A1- and A2-aquifer zones are hydrogeologically connected (see

Appendix F). The objectives of the modeling were (1) to establish whether the observed

plume configuration could be due to encroachment of a plume front migrating into the

Moffett Field area from off site and (2) to estimate the magnitude of on-site sources, if

required, that would account for observed concentrations that cannot be accounted for based

on off-site sources only.

The model area was telescoped down to the Site 9 area because this area of the west side

aquifer exhibits the most significant impact of groundwater by a suite of organic compounds,

most notably trichloroethene (TCE) and tetrachloroethylene (PCE). (Groundwater at Sites 8

and 12 exhibits less impact by organic compounds.)

In the flow modeling (see Chapter D.1.0) at Moffett Field, the observed configuration of

groundwater levels was closely matched by utilizing a relatively heterogeneous hydraulic

conductivity field or transmissivity field. For contaminant transport modeling, the same

values were applied. However, because a much smaller region was modeled, more detail

could be incorporated into the aquifer model, such as sandy deposits near gravel filled

channels. Transmissivities for the modeled aquifer zones are shown in Figure D-5.

Geochemical data required for the transport model were derived from information available in

the Superfund Public Health Manual (U.S. EPA, 1986) and from the literature. The main

geochemical datum required by the model is the distribution coefficient (Kd). Kd is computed

as a function of the organic carbon partition coefficient (Koc),the organic carbon fractions of
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the compounds of the medium, and fraction of silt and sand. The method used to compute

Kd follows the method outline in U.S. EPA, 1987 (page 51). From U.S. EPA 1986, Koc for
TCE is 126 mL/kg. From Roberts, et al. (1991), the fraction of organic carbon in silts is

0.004 mg/kg and 0.0007 mg/kg for sands. The distribution of silt and sand in the A1- and

A2-aquifer zones is assumed to be 0.20 silt and 0.80 sand (Table D.2-1).

The most important assumption concerning the solute transport is that transport is controlled

by a linear adsorption reaction. The mathematical treatment is given in Konikow and

Bredehoeft (1978) and Goode and Konikow (1989).

Known concentrations in groundwater at suspected upgradient sources were used to develop

input data for model contaminant sources. Two contaminant source types were modeled: a

boundary source that simulated encroachment of an external plume to Site 9 and an injection

source to model on-site sources. Review of quarterly data suggests that concentrations within

the MEW area have not changed significantly and that this area can act as a general source.
The modeling has been used to estimate the mode of development of the VOC plume. TCE

was chosen as a representative component for indicating VOC because of its high concentra-

tion in the upgradient area and its low organic carbon distribution coefficient.
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Table D.2-1

_' Input Values used in the Transport Modeling

I. Finite Difference Grid
X Axis (active nodes) 18 Nodes 150 ft/node
Y Axis (active nodes) 18 Nodes 150 ft/node

II. Hydrogeologic
Parameters
Material Type K (cm/s) Thickness

Silty sand (zone) 1 x 10.4 10 ft
Fine sand 1 x 10.3 10 ft
Coarse sand 1 x 101 10 ft
Sandy gravel 3.1 x 101 15 ft

Precipitation Pavement prevents recharge

Flow regime Steady state

Boundary Conditions Constant head
North boundary 2 to 9 ft msl'
South boundary 20 to 23 ft msl

_' HI. Geochemical
Parameters

Source Type Concentration Rate
Constant Head 2 3,700 ppb
Constant Head 3 6,700 ppb
Injection 10,000 ppb 0.002 cfsb
Distribution coefficient 0.17 rnI.,/g_
Bulk density 1.8 g/mLa

X_€ 0.004 (Roberts, et al., 1990)

X_f 0.0007 (Roberts, et al.,
1990)

"msl - mean sea level.
bcfs - cubic feet per square inch.
_nL/g - milliliter per gram.
dg/mL- gram per milliliter.

cX_ Fraction of organic carbon in the fine grain material.

fx_, Fraction of organic carbon in the sand material.
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D.2.2 References for Solute Transport Modeling

Goode,D. J. andL. F. Konikow,1989,Modificationsof a Method-of-CharacteristicsSolute-
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IT, 1991b, Site Characterization Report for Moffett Naval Air Station.

Konikow, L. F. and J. D. Bredehoeft, 1978, Techniques of Water-Resources Investigations,
Computer Model of Two Dimensional Waste Transport and Dispersion in Groundwater,
U.S. Geologic Survey, WaterResourcesDivision.

PRC EnvironmentalManagement,Inc., 1991, "Building29 Area Field InvestigationTechnical
Memorandum,"CLEAN ContractNo. N62474-88-D5086.
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AppendixE

E.1.0 Modeling
Indoor Air Modeling

Models used to describe potential indoor concentrations are equations describing use of

groundwateraspotable water. These models arevolatilization while showering (Murphy, 1987)

and from general household water use (Murphy, 1987). Henry's Law is used to describe

partitioning from the water to the air, hence, volatilization is directly proportional to the

magnitudeof the Henry's Law Constant. The general water use model describesvolatilization

from total wateruse. This model assumesthatall wateruse occurs at a single averagetempera-

ture, and thus does not precisely accountfor individual uses such as cooking.

Volatilization while showering

D, = 103(FC/V,)[l+l/aT,(e"T'-l)][1-exp-[0.93+(1.48 x 10-3/H-1)]

where:

C, = concentration while showering (mg/m3)
F = showerwater flow rate (0.48 m3/hr)
C = concentrationof chemical in water(chemical-specific,mg/L)
V = volume of shower/bathroom(12 m3)
a = air exchange rate between shower/bathroomand rest of house (12 hrI)
H = Henry's Law Constant (chemical-specific, m3-atm/mole)

Volatilization from general water use

Ch = (QJQ,)MC[1-exp-[1.26 + (2.00 x 103)1]

where:

Ch = concentration from general household water use (mg/m3)
Qw = water use in home (980 !/day)
Q, = volume of air exchange rate for home (8,700 m3/day)
M = mixing factor (0.5 unitless)
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Concentration in Vegetables

The following model (modified from NRC, 1977) was used to estimate potential concentrations
of chemicals in leafy vegetables due to deposition of irrigation water onto the soil and the
exposed portions of plants:

where:

C_ = concentration in vegetables (mg/kg)
Cw = concentration in water (mg/L)
I_ = annual irrigation rate = 0.097 1/m2/hr(Baes et al., 1984)
F, = fraction of irrigation water retained on plant surface (unitless) = 0.25 (NRC, 1977)
K = removal rate constant from weathering = 0.0021 hr1
t = length of time plant is exposed = 1,440 hr (NRC, 1977)

_' Y = agricultural productivity yield = 1.0 kg/m 2 (Baes et al., 1984)
Fi = fraction of year that irrigation occurs (unitless) = 0.58 (Baes et al., 1984)
Bi = chemical-specific root uptake factor -- transfer to vegetative portion of plant
T, = time soil is exposed to irrigation = 131,000 hr (NRC, 1977)
D, = effective soil surface density = 240 kg/m2 (NRC, 1977)

It was assumed that leafy vegetables would be grown as these will intercept the greatest amount

of irrigation water on the edible plant surface. Contamination may result through both direct

deposition of irrigation water onto the edible portion of the plant and uptake of the water by the
roots from the soil. It was assumed that vegetables will be eaten raw and unwashed, thus

eliminating these potential removal mechanisms.
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E.2.0 Concentration/Toxicity Screen for Chemicals of Poten-
tial Concern

Infrexluenflydetected chemicals (<5 percent frequency of detection) were excluded as chemicals

of potential concern. However, if a chemical was analyzed for in less than 20 samples at a site,

a single positive hit would result in greater than 5 percent detection; therefore, chemicals with

fewer than 20 samples analyzed were evaluated on a case-by-case basis. The chemicals' toxicity
and concentration were considered in this evaluation.

Chemicals were evaluated by estimating a potential ILCR and/or HQ for a worst-case residential

exposure to the maximum concentration of that chemical at the site. Intakes were estimated for

estimated for drinking water ingestion by adults using the equations shown in Section 6.3.3.1.

The exposure parameters are shown below:

Parameter Value Reference

Drinking water ingestion rate 2 L/day U.S. EPA, 1991a

Exposure frequency 365 days/yr Worst-case assumption

Exposure duration 70 years Worst-case assumption

Body weight 70 kg U.S. EPA, 1991a

Averaging time 25,550 days U.S. EPA, 1989a

Four chemicals were excluded because they were detected only once at a site and had very low

toxicity at the detected concentration. The results of the toxicity screen for these chemicals is
shown below:

Chemical Exposure Estimated
Concentration" Intake CPF Estimated

(mg/L) (mg/kg/day) (mg/kg/day) ILCR

Trichloroethene 0.002 5.7 x 105 1.1 x 10-z 6.3 X 10 .7

KN/WPg13APEJ( 132)g)7-27-92/F2 E-3



Chemical Exposure Estimated
Concentration* Intake RfD Estimated

(mg/L) (mg/kg/day) (mg/kg/day) HQ

Benzoicacid 0.025 6.0 x 101° 4.0x 10o 1.5x 101°

2-Butanone 0.15 4.3 x 10.3 5.0x 10.2 8.6x 10.2

Nickel 40 9.6x 10_ 2.0X 10.2 4.8x 10.5
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E.3.0 Hazard Identification

The information in this section comes from IRIS (U.S. EPA, 1992).

Acetone. An RfD of 1 x 10"1 mg/kg/day, an NOAEL of 100 ng/kgatday,and an LOAEL of

500 mg/kg/day were reported with an uncertaintyfactor of 1000, 100 for inter-and intra-

species extrapolationand 10 to extrapolate from subchronicto chronicexposure.

Acetone was administered by gavage to groups of albino rats at three different levels. Body

weights, food consumption, clinical chemistry, hematology, and histopathologic parameters, as

well as organ weights and organ-to-body weight ratios, were measured and analyzed.

Animals were sacrificed after 30 or 90 days of exposure. No effects were seen at the low

dose level throughout the study. RBC parameters were significantly increased in the high

group at 30 days (males only) and at 90 days in males and females. Statistical analysis of the

absolute and relative organ weight data revealed significantly increased kidney weights for

females in the medium and high dosage groups and increased kidney-to-body and brain

weight ratios for males and females in the high doses. Liver weight and liver/body weight

ratios were also increased in the high dose males and females. Histopathologic studies

_, revealed a marked increase in severity in tubulardegeneration of the kidneys and hyaline

droplet accumulation with increasing doses. This accumulation was significant in the medium

and high males and the high females.

Based on the above f'mdings, the NOEL for this study is 100 mg/kg/day and the LOAEL is

500 mg/kg/day based on increased liver and kidney weights and nephrotoxicity.

Limited human studies have shown that workers exposed to acetone vapors experienced

transienteye and nose irritation. Animals exposed to acetone vapors experienced slight, but

not significant, decreases in organ and body weights.

Confidence in the principal study is ratedmedium, since a moderate number of ani-

mals/dose/sex and an extensive numberof parameters were measured. The data base is rated

low because a very limited numberof studies are availableand no pertinentsupporting
studies were located. The overall confidenceratingfor the RID is low.

Acetone is classified as a class D carcinogen based on lack of data concerning carcinogenicity

_' in humans or animals.
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Acetone did not show mutagenic activity when tested in Salmonella typhimurium strains

_, TA98 and TA100 or in SchizosaccharomycespombeswainPl either in the presenceor
absence of liver homogenates or in cell transformation systems. Furthermore, acetone gave

negativeresults in assays for chromosomal aberrations and sister chromatid exchange,DNA

binding,point mutation in mouse lymphomacells, and transfection of E. coli CR63 cells. In

one study, however,acetonewas reported to producechromosomal aberrations but not sister

chromatid exchanges.

Arsenic. An RfD of 3 x 10-4 mg/kg/day, an NOAEL of 0.008 mg/kg/day and an LOAEL of

0.014 mg]kg]day were reported with an uncertainty factor of 3. The UF of 3 is to account for

both the lack of data to preclude reproductive toxicity as a critical effect and to account for

some uncertainty in whether the NOAEL of the critical study accounts for all sensitive

individuals. The data reported in Tseng show an increased incidence of blackfoot disease that

increases with age and dose. Blackfoot disease is a significant adverse effect. The

prevalences (males and females combined) at the low dose are 4.6 per 1000 for the 20-39

year group, 10.5 per 1000 for the 40-59 year group, and 20.3 per 1000 for the >60 year

group. Moreover, the prevalence of blackfoot disease in each age group increases with

increasing dose. However, a recent report indicates that it may not be strictly due to arsenic

exposure. The data in Tseng also show increased incidences of hyperpigmentation and

keratosis with age. The overall prevalences of hyperpigmentation and keratosis in the

exposed groups are 184 and 71 per 1000, respectively. The text states that the incidence

increases with dose, but data for the individual doses are not shown. These data show that

the skin lesions are the more sensitive endpoint. The low dose in the Tseng study is
considereda LOAEL.

Ferm and Carpenter produced malformations in 15-day hamster fetuses via intravenous

injections of sodium arsenate into pregnant dams. Exencephaly, encephaloceles, skeletal

defects and genitourinary systems defects were produced. These and other terata were

produced in mice and rats at similar exposure levels. Minimal effects or no effects on fetal

development have been observed in studies on chronic oral exposure of pregnant rats or mice

to relatively low levels of arsenic via drinking water. Nadeenko reported that intubation of

rats with arsenic solution during pregnancy, produced no significant embryotoxic effects and

only infrequent slight expansion of ventricles of the cerebrum, renal pelves and urinary

bladder. Hood reported that very high single oral doses of arsenate solutions to pregnant

mice were necessary to cause prenatal fetal toxicity, while multiple doses of lower concentra-

_' tions hadlittle effect.
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Extensive human pharmacokinetic, metabolic, enzymic and long-term information is known

about arsenic and its metabolism. Valentine established that human blood arsenic levels did

not increase until daily water ingestion of arsenic exceeded approximately 250 ug/day.

Methylated species of arsenic are successively 1 order of magnitude less toxic and less

teratogenic. Some evidence suggests that inorganic arsenic is an essential nutrient in goats,

chicks, mini pigs and rats. No comparable data are available for humans. Confidence in the

chosen study is considered medium. An extremely large number of people were included in
the assessment (>40,000) but the doses were not well-characterized and other contaminants

were present. The supporting human toxicity data base is extensive but somewhat flawed.

Problems exist with all of the epidemiological studies.

Arsenic is classified as a class A carcinogen based on observation of increased lung cancer

mortality in populations exposed primarily through inhalation and on increased skin cancer

incidence in several populations consuming drinking water with high arsenic concentrations.

Studies of smelter worker populations (Tacoma, WA; Magma, LIT; Anaconda, MT; Ronnskar,

Sweden; Saganoseki-Machii, Japan) have all found an association between occupational

arsenic exposure and lung cancer mortality. Both proportionate mortality and cohort studies

of pesticide manufacturing workers have shown an excess of lung cancer deaths among

exposed persons. One study of a population residing near a pesticide manufacturing plant

revealed that these residents were also at an excess risk of lung cancer. Case reports of

arsenical pesticide applicators have also demonstrated an association between arsenic exposure

and lung cancer.

A cross-sectional study of 40,000 Taiwanese exposed to arsenic in drinking water found

significant excess skin cancer prevalence by comparison to 7500 residents of Taiwan and

Matsu who consumed relatively arsenic-free water. This study design limited its usefulness in

risk estimation. Arsenic-induced skin cancer has also been attributed to water supplies in

Chile, Argentina and Mexico. No excess skin cancer incidence has been observed in U.S.

residents consuming relatively high levels of arsenic in drinking water. The results of these

U.S. studies, however, are not necessarily inconsistent with the existing findings from the

foreign populations. The statistical powers of the U.S. studies are considered to be inadequate

because of the small sample size.

A follow-up study of the population living in the same area of Taiwan, where arsenic

contamination of the water supply was endemic, found significantly elevated standard
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mortalityratios for cancerof the bladder,lung, liver, kidney, skin and colon. This study of

bladder, liver and lung cancer cases in the endemic area found a significant association with
arsenic exposure that was dose-related. The association of arsenic ingestion and

cancer of various internal organs has also been cited in a number of case reports. Persons

treated with arsenic-containing medicinals have also been shown to be at a risk of skin
cancer.

There has not been consistentdemonstrationof arseniccarcinogenicityin test animals for
variouschemicalforms administeredby differentmutes to severalspecies. There are some

data to indicatethat arsenicmay produceanimaltumorsif retentiontime in the lung can be
increased.

Sodium arsenate has been shown to transform Syrian hamster embryo cells and to produce

sister-chromatid-exchange in DON cells, ClIO cells and human peripheral lymphocytes

exposed in vitro. While arsenic compounds have not been shown to mutate bacterial strains,
it produces preferential killing of repair deficient strains.

Barium. An RID of 7 x I0"2mg/kg/day and an NOAEL of 0.21 mg/kg/day were reported

with an uncertainty factor of 3. Because of both the critical study's unique focus and the

supporting studies, a 3-fold UF, instead of a 10-fold UF, was chosen as most appropriate to

protect for sensitive individuals within that population.

Wones administered barium (as barium chloride) in the drinking water of 11 healthy male

volunteers. There were no changes in systolic or diastolic blood pressures, orserum chemis-

try, especially total cholesterol, HDL, LDL, triglycerides, potassium or glucose levels. There
was an increase in serum calcium levels that was attributed to a decrease in serum albumin

levels. This increase, although statistically significant, was considered borderline and not

clinically significant. There were also no changes in cardiac cycle as noted by electrocardio-

grams and no significant arrhythmias. A NOAEL of 10 mg/L was identified in this study

which corresponds to 0.21 mg/kg/day, based on an actual consumption rate of 1.5 L/day and a

70-kg body weight.

Occupational studies of workers exposed to barium dust have shown that workers develop

"baritosis." Affected workers showed no symptoms, no abnormal physical signs, no loss of

vital capacity or interference with function, although they had a significantly higher incidence

of hypertension.
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McCauley studied the histologic and cardiovascular effects of drinking water containing

_, barium on Sprague-Dawley rats. No significant histologic, carcinogenic, or cardiovascular
(including hypertension) effects were observed. No changes were reported in body weight, or

food and water consumption in any of the treated animals. Animals treated at the highest

dose did exhibit ultrastructural changes in the kidney glomeruli and the presence of myelin

figures. No other effects were reported at any dose level for males or females.

Perry exposed weanling rats to barium. There were no signs of toxicity at any barium dose

level. Systolic blood pressure measurements revealed no increase in animals.

EPA does not believe that any single study, considered alone, is adequate to calculate an RID

for barium. However, EPA believes that medium confidence can be placed in the total data
base used to determine the RfD.

A risk assessment for this substance/agent is under review by an EPA work group.

Benzene. No reference dose is available for benzene. A risk assessment for this sub-

stance/agent will be reviewed by an EPA work group.

Benzene is classified as a group A carcinogen. This classification is based on several studies

of increased incidence of nonlymphocytic leukemia from occupational exposure, increased

incidence of neoplasia in rats and mice exposed by inhalation and gavage, and some support-

ing data.

Aksoy reported effects of benzene exposure among 28,500 Turkish workers employed in the

shoe industry. Mean duration of employment was 9.7 years (1-15 year range) and mean age

was 34.2 years. Peak exposure was reported to be 210-650 ppm. Twenty-six cases of

leukemia and a total of 34 leukemias or preleukemias were observed, corresponding to an

incidence of 13/100,000 (by comparison to 6/100,000 for the general population). A

follow-up paper (Aksoy, 1980) reported eight additional cases of leukemia as well as evidence

suggestive of increases in other malignancies.

In a retrospective cohort mortality study Infante examined leukemogenic effects of benzene

exposure in 748 white males exposed while employed in the manufacturing of rubber

products. A statistically significant increase (p less than or equal to 0.002) of leukemias was
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found by comparison to the general U.S. population. There was no evidence of solvent

_, exposure other than benzene.

In a subsequent retrospective cohort mortality study Rinsky observed seven deaths from

leukemia among 748 workers exposed to benzene and followed for at least 24 years (17,020

person-years). This increased incidence was statistically significant.

In an updated version of the Rinsky study, the authors followed the same cohort to 12/31/81.

An in his earlier study, cumulative exposure was derived from historic air-sampling data or

interpolated estimates based on exisitng data. Standardized mortality rates ranged from 109 at

cumulative benzene exposures under 40 ppm-years and increased montonically to 6637 (6

cases) at 400 ppm-years or more. The authors found significandy elevated risks of leukemia

at cumulative exposures less than the equivalent current standard for occupational exposure

which is 10 ppm over a 40-year working lifetime.

Ott observed three deaths from leukemia among 594 workers followed for at least 23 years in

a retrospectivecohort mortalitystudy,but the increasewas not statisticallysignificant.
Exposures ranged from <2 to >25 ppm 8-hour TWA.

Wong reported on the mortality of male chemical workers who had been exposed to benzene

for at least 6 months during the years 1946-1975. The study population of 4062 persons was

drawn from seven chemical plants. Dose-dependent increases were seen in leukemia and

lymphatic and hematopoietic cancer. The incidence of leukemia was responsible for the

majority of the increase. It was noted that the significance of the increase is due largely to a

less than expected incidence of neoplasia in the unexposed subjects.

Numerous other epidemiologic and case studies have reported an increased incidence or a

causal relationship between leukemia and exposure to benzene. In addition to this human

data, both gavage and inhalation exposure of rodents to benzene have resulted in development

of neoplasia. Numerous investigators have found significant increases in chromosomal

aberrations of bone marrow cells and peripheral lymphocytes from workers with exposure to

benzene. Benzene also induced chromosomal aberrations in bone marrow cells from rabbits,

mice and rats. Several investigators have reported positive results for benzene in mouse

micronucleus assays. Benzene was not mutagenic in several bacterial and yeast systems, in

the sex-linked recessive lethal mutation assay with Drosophila melanogaster or in mouse

_' lymphoma cell forward mutation assay.
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Based on these studies the EPA recommends an inhalation unit risk of 8.3E-6 per (ug/cu.m)

using the One-hit (pooled data) dose extrapolation method. This unit risk is based on
occupational studies on humans which showed increased incidence of leukemia. The unit risk

estimate is the geometric mean of four ML point estimates using pooled data from the Rinsky

and Ott studies, which was then adjusted for the results of the Wong study. The Rinsky data

used were from an updated tape which reports one more case of leukemia than was published

in 1981. Equal weight was given to cumulative dose and weighted cumulative dose exposure

categories as well as to relative and absolute risk model forms. The results of the Wong

study were incorporated by assuming that the ratio of the Rinsky-Ott-Wong studies to the

Rinsky-Ott studies for the relative risk cumulative dose model was the same as for other

model-exposure category combinations and multiplying this ratio by the Rinsky-Ott geometric

mean. The age-specific U.S. death rates for 1978 (the most current year available) were used

for background leukemia and total death rates. It should be noted that a recently published

paper repormd yet another case of leukemia from the study population.

An oral slope factor of 2.9E-2 per (mg/kg)/day is recommended based on human data for

inhalation exposure. The human respiratory rate was assumed to be 20 cu.m/day and the

human drinking water intake was assumed to be 2 L/day. The fraction of the administered

dose absorbed systemically via inhalation and via drinking water were assumed to be equal.

Beryllium. An oral Rt/) of 5 x 10"3mg/kg/day and an NOAEL of 0.54 mg/kg/day were

reported with an uncertainty factor of 100. The uncertainty factor of 100 reflects a factor of

10 each for interspecies conversion and for the protection of sensitive human subpopulations.

Fifty-two weanling Long-Evans rats of each sex received beryllium (as BeSO4, beryllium

sulfate) in drinking water. Exposure was for the lifetime of the animals. At natural death the

rats were dissected and gross and microscopic changes were noted in heart, kidney, liver, and

spleen. There were no effects of treatment on these organs or on lifespan, urinalysis, serum

glucose, cholesterol, and uric acid, or on numbers of tumors. Male rats experienced de-

creased growth rates from 2 to 6 months of age.

Similar studies were carried out on Swiss (CD strain) mice. Female animals showed

decreased body weight compared with untreated mice. Male mice exhibited slight increases

in body weight. These effects were not considered adverse, therefore, 0.95 mg/kg/day is
considered a NOAEL.
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This RfD is limited to soluble beryllium salts. Data on the teratogenicity or reproductive

effects of beryllium are limited. It has been reported to produce embryolethality and terata in

chick embryos.

Confidence in the study is rated as low because only one dose level was administered.

Although numerous inhalation investigations and a supporting chronic oral bioassay in mice

exist, along with the work by Cox which indicates that a higher dose level might be a NOEL,

these studies are considered as low to medium quality; thus, the data base is given a low

confidence rating. The overall confidence in the RID is low, reflecting the need for more

toxicity data by the oral route.

The 1985DrinkingWater CriteriaDocumentfor Berylliumis currentlyundergoingAgency
review.

Beryllium is considered a B2 probable human carcinogen. Beryllium has been shown to
induce lung cancer via inhalation in rats and monkeys and to induce osteosarcomas in rabbits

via intravenous or intramedullary injection. Human epidemiology studies are considered to be
inadequate.

Human carcinogenicity was considered inadequate. Reported increases, while apparently

associated with exposure, did not take a variety of possible confounding factors into account.

Wagoner observed 47 deaths from cancer among 3055 white males employed in

beryllium-processing with a median duration of employment of 7.2 months. Among the 2068

followed for 25 years or more, 20 lung cancer deaths were observed. These increased

incidences were statistically significant. When lung cancer mortality data became available

for 1968-1975, the number of expected deaths was recalculated and the increased incidence

was statistically significant only among workers followed 25 years or more. When the

number of expected deaths was adjusted for smoking, the increased incidence was no longer

significant.

An earlier study of workers from this same beryllium processing plant, and several studies of

workers from this plant combined with workers from other beryllium plants, have reported a

statistically significant increased incidence of lung cancer. No adjustment was made for

smoking in these studies, and all were limited in their ability to detect a possible increased

incidence of lung cancer because of methodological constraints and deficiencies.
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Animal carcinogenicity is adequate and based on the evidence for induction of tumors by a

variety of beryllium compounds in male and female monkeys and in several strains of rats of
both sexes, via inhalation and intratracheal instillation, and the induction of osteosarcomas in

rabbits by intravenous or intramedullary injection in multiple studies.

Slight increases in cancer incidence (not statistically significant in comparison with controls)

were reported in Long-Evans rats administered 5 ppm beryllium sulfate in the drinking water

for a lifetime. The authors reported a slight excess of grossly observed tumors in the 5 ppm

group over controls in the male rats. The power of this test to detect a carcinogenic effect

was reduced by high mortality. Schroeder and Mitchener administered 5 ppm beryllium

sulfate in drinking water to Swiss mice over a lifetime. A non-statistically significant

increase in incidence of lymphoma leukemias were reported in the females relative to
controls.

An increase in reticulum cell sarcomas of the lungs was seen in male, but not female
Wistar-derived rats administered beryllium sulfate in the diet.

Osteogenic sarcomas were induced in rabbits by intravenous injection of beryllium com-

_, pounds in at least 12 different studies and by intramedullary injection in at least four studies.

Bone tumors were induced by beryllium oxide, zinc beryllium silicate, beryllium phosphate,

beryllium silicate and beryllium metal. No bone tumors were reported to be induced by

intravenous injection of beryllium oxide or zinc beryllium silicate in rats or guinea pigs.

Positive results, however, were reported in mice injected with zinc beryllium silicate, although

the numbers were not listed. The sarcomas were generally reported to be quite malignant and

metastasized to other organs.

Lung tumors, primarily adenomas and adenocarcinomas, have been induced via the inhalation

route in both male and female Sprague-Dawley rats during exposure periods of up to 72

weeks by beryllium sulfate, in both male and female Sherman and Wistar rats by beryllium

phosphate, beryllium fluoride and zinc beryllium silicate, in male Charles River CR-CD rats

by beryl ore and in both male and female rhesus monkeys by beryllium sulfate. Positive

results were seen in rats exposed to beryllium sulfate at concentrations as low as 2 ug/cu.m.

Tumors were also induced by intratracheal instillation of metallic beryllium,

beryllium-aluminum alloys and beryllium oxide in both Wistar rats and rhesus monkeys.
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Adenomas, adenocarcinomas and malignant lymphomas were seen in the lungs, with

lymphosarcomas and fibrosarcomas present at extrapulmonary sites.

Berylliumsulfateand berylliumchloridehavebeen shownto be nonmutagenicin bacterial

and yeast gene mutationassays. In contrast,genemutationstudiesin Chinesehamster V79

and CHOceils were positive. Chromosomalaberrationsand sisterchromatidexchangewere

also inducedby berylliumin culturedhumanlymphocytesand Syrainhamsterembryocells.

Bis(2-ethylhexyl)phthalate (BEHP). BEI-IP has an estimated oral RfD of 2 x 10.2

mg/kg/day. This RfD is basedon increasedliver weight in guinea pigs and rats and includes

a total uncertainty factor of 1000. Factors of I0 each were used for interspecies variation and

for protection of sensitive human subpopulations. An additional factor of 10 was used since

the guinea pig exposure was longer than subchronic but less than lifetime, and because, while

the RfD is set on a LOAEL, the effect observed was considered to be minimally adverse.

Confidence in this RfD is described as medium.

Male and female guinea pigs consumed feed containing BEHP. No treatment-related effects

were observed on mortality, body weight, kidney weight, or gross pathology and histopatholo-

_, gy of kidney, liver, lung, spleen, or testes. Statistically significant increases in relative liver

weights were observed in treated females. Groups of male and female Sherman rats were fed

diets containing BEHP. Mortality in the treated and control groups was high; 46.2 and

42.7%, respectively, survived to 1 year.There was, however, no effect of treatment on either

parental or offspring mortality, life expectancy, hematology, or histopathology of organs.

Both parental and offspring rats receiving the BEHP diet were retarded in growth and had

increased kidney and liver weights.

In additional studies dietary levels of 0, 0.01, 0.1, and 0.3 percent BEHP were administered to

male and female CD-1 mice that were examined for adverse fertility and reproductive effects

using a continuous breeding protocol. BEHP was a reproductive toxicant in both sexes

significantly decreasing fertility and the proportion of pups born alive per litter at the 0.3%

level, and inducing damage to the seminiferous tubules. DEHP has been observed to be both

fetotoxic and teratogenic.

There is currently no reference airconcentrations available for BEHP.
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BEHP is classified as a B2 carcinogen with an oral Slope Factor of 1.4 x 10"2 (mg/kg/day)"1

(Linearizedmultistage procedure)based on studies in which orally administeredDEHP

produced significant dose-related increases in hepatocellularcarcinomasand adenomasinmale
B6C3F mice.

In an NTP study,male and female fisher 344 rats were fed diets containing BEHP. Similarly,

groups of male and female B6C3F1 mice were given BEHP in the diet. No clinical signs of

toxicity were observed in eitherratsor mice. A statisticaly significant increase in the

incidence of hepatocellularcarcinomas and combined incidence of carcinomas and adenoma

were observed in female rats and both sexes of mice. The combined incidence of neoplastic
nodules and hepatocellularcarcinomas was statistically significantly increased in the

high-dose male rats. A positive dose response trend was also noted.

Carpenter did not find a carcinogenic effect in guinea pigs and dogs exposed to BEHP. Both

guinea pigs and dogs were terminated after 1 year of exposure. The treatment and survival
periods for these animals were considerably below their lifetimes.Human studies are inade-

quate to show carcinogenicity. Thiess conducted a mortality study of 221 BEHP production

workers exposed to unknown concentrations of DEHP for 3 months to 24 years. Workers

were followed for a minimum of 5 to 10 years (mean follow-up time was 11.5 years). Eight
deaths were reported in the exposed population. Deaths attributable to pancreatic carcinoma

(1 case) and uremia (one case in which the workers also had urethral and bladder papillomas)

were significantly elevated in workers exposed for >15 years when compared to the corre-

sponding age groups in the general population. The study is limited by a short follow-up

period and unquantified worker exposure. Results are considered inadequate for evidence of a
causal association.

Studies indicate that DEHP is not a direct acting mutagen in either a forward mutation assay

in Salmonella typhimurium or the recassay in Bacillus subtilis. Information is not available

on the potential carcinogenicity of BEHP via inhalation.

Bromodichloromethane. An RfD of 2 x 102 mg/kg/dayandanLOAEL of 17.9

mg/kg/day were reported with an uncertainty factor of 1000. A factor of 100 was employed

for extrapolation from animal data and for protection of sensitive human subpopulations. An

additional factor of 10 was used because the RfD was based on a LOAEL (although minimal-

ly adverse), and to account for data base deficiencies (no reproductive studies).
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Bromodichloromethane (BDCM) was administered in corn oil by gavage. Final mean body

weights of dosed female mice and high-dose male and female rats were 75 to 91 percent that
of vehicle controls.

Compound-related nonneoplastic lesions included cytomegaly and tubular cell hyperplasia of

the kidney and fatty metamorphosis of the liver in male rats; eosinophilic cytoplasmic change,

clear cell change, focal cellular change, and fatty metamorphosis of the liver and tubular cell

hyperplasia of the kidney in female rats; fatty metamorphosis of the liver, renal cytomegaly,

and follicular cell hyperplasia of the thyroid gland in male mice; and follicular

cell hyperplasia of the thyroid gland in female mice.

In a subchronic bioassay conducted by NTP, male and female rats received doses of Bromodi-

chloromethane. Centrilobular degeneration of the liver and degeneration and necrosis of the

kidney were seen in high-dose male rats; liver lesions were observed in high-dose female rats

and in female mice at a lower dose, and kidney lesions were seen in male mice at a low dose.

These data define a NOAEL of 35.7 mg/kg/day, a dose above which produced kidney lesions

and depressed body weight in male mice. Because the chronic study used more animals/dose,

was of longer duration, and presented more complete data, more confidence is placed in the
'_, chronic LOAEL than in the subchronic NOAEL.

There are no published data on teratogenicityor reproductive effects of trihalomethanes.

Confidence in the study is rated medium because although NTP incorporated both chronic and

subchronic exposures in two species using sufficient numbers of animals and measured

multiple endpoints, including histopathology of most organ systems, a NOEL was not

determined. Although there are some discrepancies in the dose levels producing adverse

effects, there are several published subchronic studies of bromodichloromethane

permitting confidence in the data base to be rated medium to low. Thus, overall confidence

in the RID is rated medium to low.

Bromodichloromethane is classified as a class B2 probable human carcinogen. This is based

on inadequate human data and sufficient evidence of carcinogenicity in two animal species

(mice and rats) as shown by increased incidence of kidney tumors and tumors of the large

intestine in male and female rats, kidney tumors in male mice, and liver tumors in female
mice.
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In a 2-year carcinogenicity study, bromodichloromethane was administered in corn oil by

gavage. The study using the male rats was restarted at 10.5 months into the original study
because a temperature elevation killed 45/50 of the vehicle control male rats. Survival in

vehicle control and dosed female mice was reduced after week 84; the mortality was
associated with ovarian abscesses.

Bromodichloromethane induced tumors in the large intestine, kidney and/or liver of mice and

rats. In male mice, the incidence of tubular cell adenomas and the combined incidence of

tubular cell adenomas or adenocarcinomas of the kidneys were statistically significantly

increased in the high-dose group.

In female mice, a significant, dose-related increase was observed in the incidence of hepato-

cellular adenomas or carcinomas (combined); incidences of these tumors were significantly

higher than controls for both low-dose and high-dose female mice.

In rats, the incidence of tubular cell adenomasand adenocarcinomas, and the combined

incidence of adenomas and adenocarcinomas were statistically significantly increased in male

and female rats only in the high-dose group. Tumors of the large intestine, namely adenoma-

tous polyps, adenocarcinomas, and polyps or adenocarcinomas (combined) were significantly
increased in males in a dose-dependent manner, whereas these tumors were observed only at

the high dose in females. Neoplasms of the large intestine are uncommon in this strain of

rats; the historical control incidence of large intestine tumors is less than 0.2% in males and 0

percent in females. Under the conditions of this bioassay, NTP concluded there was clear

evidence of carcinogenicity of bromodichloromethane in male and female F344/N rats and
B6C3F1 mice.

Theiss tested bromodichloromethane in a short-term lung adenoma test in strain A/St mice.

There was no effect of treatment on survival. Twenty-four weeks after the first injection, the

mice were sacrificed and the lungs examined for surface adenomas. The number of pulmo-

nary tumors per mouse was elevated in the high-dose animals, although the increase was not

statistically significant.

Tumasonis administered 1.2 mL bromodichloromethane per liter of drinking (tap) water to

male and female Wistar rats for 72 weeks, after which concentrations were halved for the

remainder of the lifetime of the animals (140 to 180 weeks). Controls were untreated. Body

weight was decreased in treated animals relative to controls by approximately 35 to 40%.
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Hepatic neoplastic nodules were statistically significantly elevated in female rats when

compared with controls. Neoplastic nodules in males and lymphosarcomas and pituitary

tumors in both sexes were reported but did not have an increased incidence relative

to the controls. Two males and one female were noted to have renal adenoma or adenocarci-

noma, while none were reported in the control group.

Voronin examined the carcinogenicity of bromodichloromethane in CBA x C57B1/6mice.

The authors concluded that under the conditions of this bioassay bromodichloromethane was

not carcinogenic.

Bromodichloromethane was mutagenic in Salmonella typhimurium strains TA100 and

TA1535 in both the presence and absence of liver homogenate in a vapor phase test per-

formed in a desiccator. When tested in a standard Salmonella/microsomal assay, however,

the compound was not mutagenic in both the presence and absence of liver homogenate in

strains TA98, TA100, TA1535, TA1537, and TA1538. Mortelmans reported bromodichloro-
methane to be not mutagenic in S. typhimurium strains TA98, TA100, TA1535, or TA1538

both with and without rat or hamster liver homogenate. Simmon reported a mutagenic effect

in Escherichia coli WP2 exposed to bromodichloromethane both with and without liver

homogenate in a desiccator. Bromodichloromethane did not induce mitotic recombination in
the presence or absence of liver homogenate in studieswith Saccharomyces cerevisiae strain
D3. However, Nestmann and Lee observed weak effects in S. cerevisiae strains D7 and

XV185-14C following exposure to bromodichloromethane in the absence of liver homogenate.

Bromodichloromethane was not mutagenic in the mouse lymphoma L5178/TK+/- assay in the

absence of rat liver homogenate but did induce forward mutations in this system in the

presence of rat liver homogenate. Morimoto and Koizumi reported that bromodichloro-

methane produced a significant increase in the frequency of sister chromatid exchanges

(SCEs) in both cultured human peripheral blood lymphocytes treated in vitro and mouse bone

marrow cells treated in vivo. NTP reported that cytogenetic tests with Chinese hamster ovary

ceils demonstrated no induction of chromosomal aberrations or SCEs following treatment with

bromodichloromethane in either the presence or absence of liver homogenate. Bromodichlo-

romethane is structurally similar to other known animal carcinogens such as dibromochloro-
methane and chloroform.

Bromoform. An oral RfD of 2 x I0"2mg/kg/day, an NOAEL of 17.9 mg/kg/day, and an

LOAEL of 35.7 mg/kg/day were reported with an uncertainty factor of 1000. Factors of 10
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eachwereemployedforuseof a subchronicassay,forextrapolationfromanimaldata,and
forprotectionof sensitivehumansubpopulation.

In a studybyNTP(NationalToxicologyProgram)rodentsweresubjectedtovarious
concentrationsof bromoform.Liverhistologywasconductedon all ratsandon malemice
receivingdosesgreaterthan100mg/kg. Femalesof bothspeciesdidnot showanychemical-
ly-relatedeffects. A decreasein bodyweightof bothsexesof micewasreported,but wasnot
dose-related.Themalemiceshowedfattymetamorphosisof theliverat dosesof 200and
400mg/kg. Theonlyeffectreportedformaleratswasa dose-relatedincreasein clearcell
fociof the liver. A FisherExactTestshowedthattheincidenceof theclearcellfociat doses
of 50mg/kg(theLOAEL)orabovewasstatisticallyelevatedrelativeto thevehiclecontrol,
therefore,25mg/kgis the NOELforF344/Nrats.

There are no adequatepublisheddataon teratogenicityor reproductiveeffectsof trihalo-
methanes.

The NTP study utilized both sexes of two species of animals. Both species showed liver

lesions, but the study did not investigate clinical chemistries or perform urinalysis; thus,

_, confidence in the studyis rated medium. Several studies support the choice of hepatic lesions
as the critical effect for the basis of the RfD, but the chosen study is of subchronic

duration and reproductive effects have not been monitored; thus, the data base is rated
medium to low. Medium to low confidence in the RID follows.

The 1985DrinkingWater CriteriaDocumentfor Trihalomethanesis currentlyundergoing
Agencyreview.

Bromoform is classified as a B2 probable human carcinogen-based on inadequate human data

and sufficient evidence of carcinogenicity in animals, namely an increased incidence of

tumors after oral administration of bromoform in rats and intraperitoneal administration in
mice.

Bromoform is genotoxic in several assay systems. Also, bromoform is structurally related to

other trihalomethanes (e.g., chloroform, bromodichloromethane, dibromochloromethane) which

have been verified as either probable or possible carcinogens.
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Humancarcinogenicitydata is inadequate. Cantorsuggestsa positivecorrelationbetween

levels of trihalomethanein drinkingwater and the incidenceof severalhumancancers.
Additionalgeographicstudiesof bromoformindicatethat there maybe an association
between the levels of trihalomethanesin drinkingwater and the incidenceof bladder,colon,

rectal, or pancreaticcancerin humans. However,the informationfrom these studiesis
consideredincompleteand preliminarybecausetheirdesigns do not permitconsiderationof

severalpossiblevariableswhichmay be involved(e.g.,personalhabits, informationon
residentialhistories,and past exposures).

Bromoform has been tested for animal carcinogenicity in two species, rat and mouse, by oral

or intraperitoneal administration.

Neoplastic lesions (adenomatous polyps or adenocarcinomas) were observed in the large

intestine (colon or rectum) of male rats and female rats. Adenocarcinomas alone were not

significantly increased compared with controls. The reduced survival of male rats in the
high-dose group may account for the lower incidence of lesions in this group. No

treatment-related tumors were observed in mice at either dose level. Under the conditions of

this study, the NTP judged there was clear evidence of carcinogenicity for female rats, some

evidence of carcinogenicity for male rats, and no evidence of carcinogenicity for male and
female mice.

In a feeding study with microencapsulated bromoform, Kurokawa observed no evidence of

carcinogenicity in male or female Wistar rats exposed for 24 months at various concentra-

tions.

Pereira determined that bromoform did not induce GGTase-positive foci in the rat liver at 1

mM (253 mg]kg) or 0.8 mM (202 mg/kg) following a 2/3 hepatectomy and promotion with

phenobarbital. However, Pereira found that bromoform is a potent inducer of ornithine

decarboxylase, which is an indication of tumor promotion activity in the skin and liver.

Bromoform has been shown to produce mutations in Salmonella typhimurium
strains TA97, TA98, TA100, and TA1535 with and without rat hepatic homogenates. Bromo-

form also produces mutations at the TK locus in mouse cells; SCE induction in Chinese

hamster ovary cells, human lymphocytes (in vitro) and mouse bone marrow cells (in vivo);

chromosomal aberrations in Chinese hamster ovary cells; cell cycle delay in human lympho-
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cytes; and an increased incidence of micronuclei in bone marrow erythrocytes from mice

_, given bromoform i.p.

Cadmium. An oral RID of 5 x 10-4 mg/kg/day, a NOAEL of 0.005 mg/kg/day and 0.01

mg/kg/day for water and food respectively, were reported with an uncertainty factor of 10.

This uncertainty factor is used to account for intrahuman variability to the toxicity of this

chemical in the absence of specific data on sensitive individuals.

A concentration of 200 ug cadmium (Cd)/gm wet human renal cortex is the highest renal

level not associated with significant proteinuria. A toxicokinetic model is available to

determine the level of chronic human oral exposure (NOAEL) which results in 200 ug Cd/gm

wet human renal cortex; the model assumes that 0.01 percent day of the Cd body burden is

eliminated per day. Assuming 2.5 percent absorption of Cd from food or 5 percent from

water, the toxicokinetic model predicts that the NOAEL for chronic Cd exposure is 0.005 and

0.01 mg Cd/kg/day from water and food, respectively (i.e., levels which would result in 200
ug C.d/grnwet weight human renal cortex). Thus, based on an estimated NOAEL of 0.005

mg Cd/kg/day for Cd in drinking water and an UF of 10, an RID of 0.0005 mg Cd/kg/day

(water) was calculated; an equivalent RID for Cd in food is 0.001 mg Cd/kg/day.

Cd is unusual in relation to most, if not all, of the substances for which an oral RfD has been

determined in that a vast quantity of both human and animal toxicity data are available. The

RID is based on the highest level of Cd in the human renal cortex (i.e., the critical level) not

associated with significant proteinuria (i.e., the critical effect). A toxicokinetic model

has been used to determine the highest level of exposure associated with the lack of a critical

effect. Since the fraction of ingested Cd that is absorbed appears to vary with the source

(e.g., food vs. drinking water), it is necessary to allow for this difference in absorption when

using the toxicokinetic model to determine an RID.

The choice of NOAEL does not reflect the information from any single study. Rather, it

reflects the data obtained from many studies on the toxicity of cadmium in both humans and

animals. These data also permit calculation of pharmacokinetic parameters of cadmium

absorption, distribution, metabolism and elimination. All of this information considered

together gives high confidence in the data base. High confidence in either RID follows as
well.

A risk assessment for this substance/agent is under review by an EPA work group.
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Cadmium is a class B 1 probable human carcinogen based on a limited evidence from

_, occupational epidemiologic studies of cadmium is consistent across investigators and study

populations. There is sufficient evidence of carcinogenicity in rats and mice by inhalation and

in_mnuscular and subcutaneous injection. Seven studies in rats and mice wherein cadmium

salts (acetate, sulfate, chloride) were administered orally have shown no evidence of carcino-

genic response.

A 2-fold excess risk of lung cancer was observed in cadmium smelter workers. The cohort

consisted of 602 white males who had been employed in production work a minimum of 6

months during the years 1940-1969. The population was followed to the end of 1978. Urine

cadmium data available for 261 workers employed after 1960 suggested a highly exposed

population. The authors were able to ascertain that the increased lung cancer risk was

probably not due to the presence of arsenic or to smoking. An evaluation by the Carcinogen

Assessment Group of these possible confounding factors has indicated that the assumptions

and methods used in accounting for them appear to be valid. As the SMRs observed were

low and there is a lack of clear cut evidence of a causal relationship of the cadmium exposure

only, this study is considered to supply limited evidence of human carcinogenicity.

_, An excess lung cancer risk was also observed in three other studies which were, however,

compromised by the presence of other carcinogens (arsenic, smoking) in the exposure or by a

small population.

Four studiesof workersexposedto cadmiumdust or fumesprovidedevidenceof a statistical-

ly significantpositiveassociationwith prostatecancer, but the total numberof caseswas
small in each study. The Thun studyis an updateof an earlier studyand does not show
excessprostate cancerrisk in these workers. Studiesof human ingestionof cadmiumare
inadequateto assess carcinogenicity.

Exposure of Wistar rats by inhalation to cadmium as cadmium chloride at concentrations of

12.5, 25 and 50 ug/cu.m for 18 months, with an additional 13-month observation period,

resulted in significant increases in lung tumors. Intratracheal instillation of cadmium oxide

did not produce lung tumors in Fischer 344 rats but rather mammary tumors in males and

tumors at multiple sites in males. Injection site tumors and distant site tumors (for example,

testicular) have been reported by a number of authors as a consequence of intramuscular or
subcutaneous administration of cadmium metal and chloride, sulfate, oxide and sulfide

compounds of cadmium to rats and mice. Seven studies in rats and mice where cadmium
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salts (acetate,sulfate,chloride)were administeredorally have shownno evidenceof a

_, carcinogenicresponse.

Results of mutagenicity tests in bacteria and yeast have been inconclusive. Positive responses

have been obtained in mutation assays in Chinese hamster cells (Dom and V79 lines) and in

mouse lymphoma ceils.

Conflicting results have been obtained in assays of chromosomal aberrations in human

lymphocytes treated in vitro or obtained from exposed workers. Cadmium treatment in vivo

or in vitro appears to interfere with spindle formation and to result in aneuploidy in germ
ceils of mice and hamsters.

Chloroform. An oral RfD of lxl0 mg/kg/day and an LOAEL of 12.9 mg/kg/day with an

uncertainty factor of 1000. Uncertainty factors of 10 each were applied to the LOAEL of

12.9 mg/kg/day to account for the interspecies conversion, protection of sensitive human

subpopulations, and concern that the effect seen was a LOAEL and not a NOEL.

Beagle dogs were administered chloroform in a toothpaste base in gelatin capsules. Fatty

cysts, considered to be treatment-related, were observed in livers of some dogs in both

treatment groups. Nodules of altered hepatocytes were considered treatment-related but not

dose-dependent. A dose-related increase in SGPT levels was noted and a less marked

increase in SGOT was noted in the high-dose animals. The LOAEL was determined to be

12.9 mg/kg/day, and an RfD was set at 0.01 mg/kg/day.

Chloroform is considered to be highly fetotoxic, but not teratogenic.

A study in rats, using only one treatment dose, identified 60 mg/kg/day by gavage as a

LOAEL for decreased weight gain, plasma cholinesterase and relative liver weight. Other

data in the literature also indicate changes in liver fat to be treatment-related.

The critical study was of chronic duration, used a fairly large number of dogs, and measured

multiple endpoints; however, only two treatment doses were used and no NOEL was

determined. Therefore, confidence in the study is rated medium. Confidence in the data base

is considered medium to low; several studies support the choice of a LOAEL, but a NOEL

was not found. Confidence in the RfD is also considered medium to low.

_v_ 13J_,,eawoT-zT-gz_ E-23



The 1985DrinkingWater CriteriaDocumentfor Trihalomethanesis currentlyundergoing

,_, Agencyreview.

A risk assessment for this substance/agent is under review by an EPA work group.

Chloroformis considereda class B2 probablehumancarcinogenbasedon increasedincidence

of severaltumor types in rats and three strainsof mice.

Human carcinogenicity information is inadequate. There are no epidemiologic studies of
chloroform itself. Chloroform and other trihalomethanes are formed from the interaction of

chlorine with organic material found in water. Several ecological and case-control studies of

populations consuming chlorinated drinking water in which chloroform was the major

chlorinated organic show small significant increases in the risk of rectal bladder or colon

cancer on an intermittent basis. Many other suspected carcinogens were also present in these

water supplies.

Chloroform has been tested for carcinogenicity in eight swains of mice, two swains of rats and

in beagle dogs. In a gavage bioassay, Osborne-Mendel rats and B6C3F1 mice were treated

with chloroform in corn oil. A significant increase in kidney epithelial tumors was observed

in male rats and highly significant increases in hepatocellular carcinomas in mice of both

sexes. Liver nodular hyperplasia was observed in low-dose male mice not developing

hepatocellular carcinoma. Hepatomas have also developed in female strain A mice and NLC

mice gavaged with chloroform.

Jorgenson administered chloroform (pesticide quality and distilled) in drinking water to male

Osborne-Mendel rats and female B6C3F1 mice. A significant increase in renal tumors in rats

was observed in the highest dose group. The increase was dose related. The liver tumor

incidence in female mice was not significantly increased. This study was specifically

designed to measure the effects of low doses of chloroform.

Chloroform administered in toothpaste was not carcinogenic to male C57B1, CBA, CF-1 or

female ICI mice or to beagle dogs. Male ICI mice administered were found to have an

increased incidence of kidney epithelial tumors. A pulmonary tumor bioassay in strain A/St

mice was negative as was one in which newborn C57X DBA2/F1 mice were treated s.c. on

days 1 to 8 of life.
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The majority of tests for genotoxicity of chloroformhavebeennegative. These negative

_, findingsinclude covalentbindingto DNA,mutationin Salmonella,a Drosophilasex-linked
recessive,tests forDNA damagea micro-nucleustest, and transformationof BHKcells. By
contrastone study demonstratedbindingof radiolabeledchloroformto calf thymusDNA
followingmetabolismby rat livermicrosomes.Chloroformcaused mitoticrecombinationin

Saccharomycesand sisterchromatidexchangein culturedhuman lymphocytesand in mouse
bone marrowcells exposedin vivo.

The carcinogenicityof chloroformmay be a functionof its metabolismto phosgene,whichis
knownto cross-linkDNA. A host-mediatedassay usingmice indicatedthat chloroformwas
metabolizedin vivo to a form mutagenicto Salmonellastrain TA1537. Likewiseurine
extracts from chloroform-treatedmice were mutagenic.

Chloroform administered to mice in drinking water promoted growth and metastasis of

Ehrlich ascites cells injected i.p.

Chromium (111).An oral RIDof 1.0mg/kg/dayand an NOELof 1800g/kg with an
uncertaintyfactorof 100. The factorof 100representstwo 10-folddecreasesin mg/kg

bw/day dose that accountfor both the expectedinterhumanand interspeciesvariabilityto the
toxicityof the chemicalin lieu of specificdata.

Ivankovic,S. andR. Preussmannsubjectedratsto food contaminatedwith chromicoxide
(Cr203) baked in bread. No effectsdue to Cr203 treatmentwere observedat any dose level.

Ivankovic and Preussmann also treatedrats at higher dietary levels of Cr203. The only

effects observed were reductions in the absolute weights of the livers and spleens of animals

in the high-dose group. Organ weights relative to body weight were not reported.

Other subchronic oral studies show no indication of adverse effects attributable to trivalent

chromium compounds, but dose levels were considerably lower.

This RfD is limited to metallic chromium (III) of insoluble salts. Examples of insoluble salts

include chromic III oxide (Cr203) and chromium III sulfate [Cr2(SO4)3].
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Very limited data suggest that Cr HI may have respiratory effects on humans. No data on

_, chronic or subchronic effects of inhaled Cr HI in animals can be found. Adequate teratology

data do not exist, but reproductive effects are not seen at dietary levels of 5 percent Cr203.

The principalstudy is rated low becauseof the lackof explicitdetailon studyprotocoland

results. Low confidencein the data base reflects the lack of high-dosesupportingdata. The
low confidencein the RfDreflects the foregoing,but also reflects the lack of an observed

effect level. Thus, the RfD, as given, shouldbe consideredconservative,sincethe MF
addressesonly those factorswhichmight lower the RfD.

A risk assessment for this substance/agent is under review by an EPA work group.

Rats were exposed to drinking water containing Cr(VI) (K2CrO4) at levels of 80 or 134 mg

Cr(VI)/L for 60 days (8.3 or 14.4 mg Cr(VI)/kg]day, respectively) without adverse effects.

Therefore, a NOAEL of 14.4 mg]kg/day is identified.

In a 1-year drinking water study, consumption of water containing either Cr(III) (CrCI3) or

Cr(VI) (K2CtO4) (0 to 1.87 mg/kg/day for male rats and 0 to 2.41 mg/kg/day for female rats)

produced no significant differences in weight gain, appearance, or pathological changes in the

blood or other tissue. Therefore, a NOAEL of 2.41 mg/kg/day is identified.

Chromium (VI). An oral RfD of 5 x 10-3 mg/kg/day and an NOAEL of 2.4 mg/kg/day with

an uncertaintyfactor of 500. The uncertaintyfactor of 500 represents two 10-fold decreases

in dose to account for both the expected interhumanand interspecies variability in the toxicity

of the chemical in lieu of specific data, and an additionalfactor of 5 to compensate for the

less-than-lifetime exposure durationof the principal study.

MacKenzie, R.D., R.U. Byerrum, C.F. Decker, C.A. Hoppert and R.F. Langham treated

groups of Sprague-Dawley rats with drinking water containing hexavalent chromium (as

K20(M) for 1 year. No significant adverse effects were seen on appearance, weight gain,

or food consumption, and there were no pathologic changes in the blood or other tissues in

any treatment group. An abrupt rise in tissue chromium concentrations was noted in rats

treated with greater than 5 ppm. The authors stated that "apparently, tissues can accumulate

considerable quantifies of chromium before pathological changes result." In the 25 ppm

treatment groups, tissue concentrations of chromium were approximately 9 times higher for

_' those treated with hexavalent chromium than for the trivalent group.
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_, Similar no-effect levels have been observed in dogs and humans. Anwar observed no

significant effects in female dogs (2/dose group) given chromium(VI) (as K2CrO4) in

drinking water for 4 years.

This RfD is limited to metallic chromium(VI) of soluble salts. Examples of soluble salts

include potassium dichromate (K2CR2OT), sodium dichromate (Na2Cr207), potassium

chromate (K2CrO4) and sodium chromate (Na2C'tO4).

Trivalent chromium is an essential nutrient. There is some evidence to indicate that hexava-

lent chromium is reduced in part to trivalent chromium in vivo.

The literature available on possible fetal damage caused by chromium compounds is limited.

No studies were located on teratogenic effects resulting from ingestion of chromium.

Confidence in the chosen study is low because of the small number of animals tested, the

small number of parameters measured and the lack of toxic effect at the highest dose tested.

Confidence in the data base is low because the supporting studies are of equally low quality,

_, and teratogenic and reproductive endpoints are not well studied. Low confidence in the RfD
follows.

A risk assessment for this substance/agent is under review by an EPA work group.

Chromium VI is classified as a class A human carcinogen due to the results of occupational

epidemiologic studies of chromium-exposed workers are consistent across investigators and

study populations.

Epidemiologic studies of chromate production facilities in the United States, Great Britain,

Japan, and West Germany have established an association between chromium (Cr) exposure

and lung cancer. Most of these studies did not attempt to determine whether Cr III or Cr VI

compounds were the etiologic agents.

Three studies of the chrome pigment industry, one in Norway, one in England, and the third

in the Netherlands and Germany also found an association between occupational chromium

exposure (predominantly to Cr VI) and lung cancer.

_tw_13_.mm-zT-92tr2 E-27



Results of two studies of the chromium plating industry were inconclusive, while the findings

of a Japanesestudyof chrome platerswerenegative.The results of studies of ferrochromium

workerswereinconclusiveasto lungcancerrisk.

Hexavalent chromium compounds were carcinogenic in animal assays producing the following

tumor types: intramuscular injection site tumors in Fischer 344 and Bethesda Black rats and

in C57BL mice; intra-plural implant site tumors for various chromium VI compounds in

Sprague-Dawley and Bethesda Black rats; intrabronchial implantation site tumors for various

Cr VI compounds in Wistar rats; Levy as quoted in NIOSH); and subcutaneous injection site

sarcomas in Sprague-Dawley rats.

A large number of chromium compounds have been assayed in in vitro genetic toxicology

assays. In general, hexavalent chromium is mutagenic in bacterial assays whereas trivalent

chromium is not. Likewise Cr VI but not Cr III was mutagenic in yeasts and in V79 cells.

Chromium III and VI compounds decrease the fidelity of DNA synthesis in vitro, while Cr
VI compounds inhibit replicative DNA synthesis in mammalian cells and produce unsched-

uled DNA synthesis, presumably repair synthesis, as a consequence of DNA damage.

Chromate has been shown to transform both primary cells and cell lines. Chromosomal

effects produced by treatment with chromium compounds have been reported by a number of
authors; for example, both Cr VI and Cr III salts were clastogenic for cultured human

leukocytes.

There are no long-term studies of ingested Cr VI. There appears to be significant in vivo

conversion of Cr VI to Cr III and 111to VI; Cr lII is an essential trace element.

1,2.Dichlorobenzene. An oral Rid of 9 x 10.2 andanNOAEL of 120mg/kg/daywith an

uncertaintyfactorof 1000wasreportedthatallowsfor uncertaintyin theextrapolationof

doselevelsfrom laboratoryanimalsto humans(10A), uncertaintyin the thresholdfor

sensitivehumans(10H), anduncertaintybecauseof the lack of studiesassessingreproductive

effectsandadequatechronictoxicity in a secondspecies(10D). Thechronicstudy,coupled

with resultsof subchronicstudiesprovidesa NOAEL andLOAEL for severaltoxicologic

endpoints,but thechronicstudydid not assessbiochemicalandclinical endpoints.Therefore,
a mediumlevel of confidenceis assigned.Lackof reproductiveandadequateadditional

supportingtoxicity studiesin nonrodentspeciesleadto low confidencein thedatabase.
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1,2-Dichlorobenzene in corn oil was given by gavage to F344/N rats and B6C3F1 mice. An

_, increase in renal tubular regeneration in high-dose male mice was observed there was no

other evidence of treatment-related renal lesions in either species. Further, the incidence of

this lesion in male control mice was below those of three similar control groups that were

studied during approximately the same period at the testing facility. There was no other

evidence of treatment-related effects in this study. Because the decrease in survival and the

increase in renal tubular regeneration in the high-dose animals were of questionable signifi-

cance, a NOAEL of 120 mg/kg]day is established.

1,2-Dichlorobenzene in corn oil was given orally by gavage to F344/N rats and B6C3F1

mice. Liver necrosis was found in mice and rats given 250 mg/kg/day. Deaths, degeneration

and necrosis in the liver, lymphocyte depletion in the spleen and thymus, renal tubular

degeneration (male rats only), and slight decreases in hemoglobin, hematocrit and red blood

cell counts (rats only) were induced at 500 mg/kg/day.

Hepatocellular necrosis (focal or individual hepatocyte) was observed in 1 male and 3 female

rats given 125 mg/kg/day. Increases in serum cholesterol at all doses except 60 mg/kg/day in

male rats and at doses of 125 to 500 mg/kg/day for female rats; liver weight/body weight

_, ratios in male and female rats at 125 to 500 mg/kg/day; and serum protein at all doses in

female rats and at 250 to 500 mg/kg/day in male rats indicate treatment-related liver effects at

doses >125 mg/kg/day. However, no evidence of treatment-related liver pathology in rats and

mice given 60 or 120 mg/kg/day, 5 days/week in the 2-year NTP carcinogenicity bioassay and

no increase (P=>0.05) in serum enzymes (SGPT, GGPT, alkaline phosphatase) for either rats

or mice in the 13-week study are grounds for considering 125 mg/kg/day as a NOAEL in the

13-week study.

In rats dosed by gavage with 1,2-dichlorobenzene at 18.8, 188, or 376 mg/kg/day, 5

days/week for 192 days, liver and kidney weights were increased at 188 mg/kg/day, and liver

pathology and increased spleen weight were observed at 376 mg/kg/day. No effects were

observed at 18.8 mg/kg/day. Thus, the NOAEL was 18.8 mg/kg/day.

Rats, guinea pigs, mice, rats, and monkeys were exposed by inhalation to 1,2-dichlorobenzene

at levels of 49 or 93 ppm, 7 hours/day, 5 days/week for 6 to 7 months. At 93 ppm, body

weight gain in rats and spleen weight in guinea pigs were reduced (P=>0.05). Estimated

daily doses with 49 ppm exposure are 387 mg/kg (mouse), 19.3 mg/kg (rat), 14.4 mg/kg

(guinea pig), 15.9 mg/kg (rabbit), and 20.3 mg/kg (monkey).
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_, Pregnant F344/N rats and New Zealand rabbits were exposed by inhalation to 0, 100, 200, or
400 ppm 1,2-dichlorobenzene 6 hours daily on days 6 through 15 (rats) or 6 through 18

(rabbits) of gestation. Body weight gain was lower (P=>0.05) in rats at all doses and in

rabbits at 400 ppm, during the f'trst 3 days of exposure. Liver weights (absolute and relative

to body weight) were increased in rats at 400 ppm. No developmental toxicity was evident at

any dose. Estimated daily doses at 100 ppm exposure are 40 mg/kg (rat) and 32 mg/kg

(rabbit).

1,2-Dichlorobenzene is classified as a class D carcinogen due to a lack of human data and

both negative and positive trends for carcinogenic responses in rats and mice. It is also

classified as a class "C" pesticide.

Two carcinogenicity studies were conducted by the National Toxicology Program using

1,2-dichlorobenzene. Survival was statistically significantly reduced in the high-dose males
due to causes incidental to treatment. An increased incidence of pheochromocytomas of the

adrenal gland was found in low-dose males but not the high-dose males. The increased

incidence of pheochromocytomas in low-dose males was discounted because there was no

dose-response trend or high-dose effect, no malignant pheochromocytomas had been observed,

and no incidence increase was seen in females; additionally, the biological consequence of

this endpoint is often questioned because pheochromocytomas are not considered to be a

life-threatening condition. There was a decrease in the incidence of testicular interstitial cell
tumors.

In the mouse study, no significant differences in survival were noted in the treatment groups

when compared with controls. A dose-related increase was seen in malignant histiocytic

lymphoma in male mice and female mice. An increased incidence of alveolar and bronchi-

olaf carcinomas (combined) in male mice was significant by a trend test; the combined

incidence of alveolar and bronchiolar adenomas and carcinomas did not show a significant

elevation. One high-dose male had a testicular interstitial cell tumor. In males there was a

decrease in the incidence of hepatocellular adenomas and carcinomas.

Chromosome studies, in workers occupationally exposed for 4 days (8 hours/day) to

1,2-dichlorobenzene vapors showed a statistically significant increase in the incidence of

chromosomal alterations in chromosomes isolated from peripheral blood cells. The number of
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single and double chromosome breaks was also increased. A followup study 6 months after

_, the initial exposure indicated a significant increase in only double chromosome breaks.

1,1-Dichloroethane. A risk assessment for inhalation RID this substance/agent is under

review by an EPA work group.

1,1-Dichloroethane is classified as a C possible human carcinogen based on no human data

and limited evidence of carcinogenicity in two animal species (rats and mice) as shown by an

increased incidence of mammary gland adenocarcinomas and hemangiosarcomas in female

rats and an increased incidence of hepatocellular carcinomas and benign uterine polyps in
mice.

An NCI bioassay provides limited evidence of the carcinogenicity of 1,1-dichloroethane in

Osborne-Mendel rats and B6C3F1 mice. This is based on significant dose-related increases in

the incidence of hemangiosarcomas at various sites and mammary carcinomas in female rats
and statistically significant increases in the incidence of liver carcinoma in male mice and

benign uterine polyps in female mice. The study is limited by high mortality in many groups;

the low survival rates precluded the appearance of possible late-developing tumors and

decreased the statistical power of this bioassay.

Technical grade 1,1-dichloroethane in corn oil was administered by gavage.In female rats

there was a statistically significant positive dose-related trend in incidence of hemangiosarco-

mas. The incidence of mammary gland adenocarcinomas showed a statistically significant

dose-related positive trend in those female rats surviving at least 52 weeks; tumor incidence

increased respectively with the dosage. No mammary gland adenomas or hemangiosarcomas
were observed in the dosed-male rats.

In the same NCI study, groups of 50 B6C3F1 mice/sex/group were administered technical

grade 1,1-dichloroethane in corn oil by gavage. An increased incidence of hepatocellular

carcinoma in male mice was not statistically significant by either pair-wise or trend test. The

incidence of hepatocellular carcinoma in male mice was displayed a positive trend that was

statistically significant. In female mice, liver carcinomas were reported in only the vehicle

control and the low-dose groups: no liver tumors were seen in the untreated controls or in the

high-dose group. A statistically significant increase in benign uterine endometrial stromal

polyps was observed in high-dose females; these were not observed in any other group. A

_' preliminary report of the NCI study was published by Weisburger.
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To determine if 1,1-dichloroethane in drinking water could act as a tumor promoter or a

_, complete carcinogen, Klaunig exposed groups of 35 male B6C3F1 mice to 1,1-dichloroethane

in drinking water. Neither the initiated nor the noninitiated 1,1-dichloroethane-treated groups

showed a significant increase in the incidence of liver or lung tumors compared with initiated

or noninitiated controls, respectively. The authors concluded that 1,1-dichloroethane was not

carcinogenic to mice and did not act as a tumor promotor following initiation with DENA.

These conclusions may not be entirely justified, since the duration of the study may have

been inadequate for the development of tumors in noninitiated 1,1-dichloroethane-treated

animals. In addition, the incidence of liver tumors in DENA-initiated controls was 70% at 24

weeks and 100 percent at 52 weeks, and the number of tumors/mouse in DENA-initiated

controls at these times was 3.00 and 29.30, respectively. Hence, an increase in tumors or

decrease in latency in 1,1-dichloroethane-treated DENA-initiated animals would have to be
marked in order to be detectable.

Milman and Story investigated the chlorinatedethanes andethylenes to detect their potential
tumor initiating or promoting effects in a liver foci assay in Osborne-Mendel rats. In this

assay, 1,1-dichloroethanedid not give positive results for initiation (with phenobarbitalas

promotor),or as a complete carcinogen when administeredin the absence of initiation or

_, promotion. Positive results for were seen for promotion with DENA as initiator. The

assumption that the liver foci seen in this type of assay are precancerous has not been
validated.

Lattanzi determined that 1,1-dichloroethane, like 1,2-dichloroethane, binds covalently to DNA,

forming DNA adducts. The Covalent Binding Index (CBI) of both 1,1-dichloroethane and

1,2-dichloroethane classifies them as weak initiators.

Chronic bioassays performed by NCI on the isomer 1,2-dichloroethane resulted in many of

the same tumor types as seen in the bioassays of 1,1-dichloroethane. Significant increases in

the incidences of forestomach squamous cell carcinomas and hemangiosarcomas were

observed in male rats and an increased incidence of mammary adenocarcinomas was observed

in both female rats and mice. In addition, alveolar and bronchiolar adenomas were reported

in male and female mice; endometrial stromal polyps and sarcomas in female mice; and

hepatocellular carcinomas in male mice.

Based on these findings, as well as the appearanceof lung papillomas in mice after topical

treatment, 1,2-dichloroethane was classified as a group B2 chemical, a probable human
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carcinogen.Becauseof similaritiesin structureandtargetorgans,the carcinogenicevidence
for1,2-dichloroethaneis consideredto be supportiveof theclassificationof 1,1-dichloro-
ethanein groupC, a possiblehumancarcinogen.

1,2-Dichloroethane. 1,2-Dichloroethaneis classifiedas a B2 carcinogen,basedon the

inductionof severaltumor types in rats and mice treatedby gavageandlung papillomasin
mice after topical application.

1,2-Dichloroethane in corn oil was administered by gavage to groups of 50 each male and

female Osborne-Mendel rats and B6C3F1 mice. All high-dose male rats died after 23 weeks

of observation; the last high-dose female died after 15 weeks. Male rats had significantly

increased incidence of forestomach squamous-cell carcinomas and circulatory system

hemangiosarcomas. Female rats and mice were observed to have significant increases in

mammary adenocarcinoma incidence. Mice of both sexes developed alveolar/bronchiolar

adenomas, females developed endometrial stromal polyps and sarcomas, and males developed
hepatocellular carcinomas.

Inhalation exposure of Wistar, Sprague-Dawley rats and Swiss mice did not result in

increased tumor incidence. An elevation that was not statistically significant in lung

adenomas was seen in A/st mice treated i.p. with 1,2-dichloroethane in tricaprylin. ICR/I-Ia

Swiss mice treated topically had a significant increase in benign lung papillomas, but not skin
carcinomas.

1,2-Dichloroethane was mutagenic for Salmonella in assays wherein excessive evaporation

was prevented; exogenous metabolism by mammalian systems enhanced the response. Both

somatic cell mutations and sex-linked recessives were induced in Drosphila. Metabolites of
1,2-dichloroethane have been shown to form adducts with DNA after in vitro or in vivo

exposures.

An oral slope factor of 9.1 x 10-2 per (mg/kg)/day was reported for one experiment.

Adequate numbers of animals were treated and observed for the majorityof their expected

lifespan. The incidence of hemangiosarcoma was significantly elevated in the treated animals

and was dose-related. A slope factor of 6.2 x 10-2 (mg/kg)/day, calculated from data on

hepatoceUular carcinomas in male mice, is supportive of the risk estimate.
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Reitz found the major urinarymetabolitesin rats of ingestedand inhaled 1,2-dichloroethane

_, to be identicaland generatedin the samerelativeamounts.

Appropriate data for calculating a One-day HA are not available. It is recommended that the

Longer-term HA for the 10-kg child of 0.74 mg/L be used as the One-day HA. A NOAEL of

7.4 mg/kg/day with an uncertainty factor of 100 that allows for interspecies and intrahuman

variability with the use of a NOAEL from an animal study.

A combination of three inhalation studies in which various animal species were exposed to

1,2-dichloroethane for up to 8 months was considered appropriate to use in calculating

Longer-term HAs. In these studies, exposures of rats and guinea pigs to air containing 100

ppm 1,2-dichloroethane for 6 to 7 hours/day, 5 days/week resulted in no mortality and no

adverse effects as determined by general appearance, behavior, growth, organ function, or

blood chemistry. However, similar exposures of rats, guinea pigs, rabbits, and

monkeys to air containing 400 or 500 ppm 1,2-dichloroethane resulted in high mortality and

varying pathologic findings including pulmonary congestion; diffused myocarditis; slight to

moderate fatty degeneration of the liver, kidney, adrenal gland, and heart; and increased

plasma prothrombin time. The NOAEL is identified as 100 ppm. Based on the dosing

regimen and an assumed absorption factor of 30 percent, this dose is equivalent to 7.4

mg/kg/day.

1,2-Dichloroethane is a Group B2 probable human carcinogen and is structurally similar to

ethylene dibromide, a potent carcinogen. Therefore, neither a DWEL nor a Lifetime HA have
been calculated for 1,2-dichloroethane.

Treatment technologies which will remove 1,2-dichloroethanefrom water include granular

activated carbon adsorption, air stripping, and boiling.

cis-l,2-Dichloroethylene. A risk assessment for this substance/agent is under review by

an EPA work group.

Cis-1,2-Dichloroethylene is classified as a D carcinogen based on no data in humans or

animals and generally nonpositive results in mutagenicity assays.

Cis-l,2-Dichloroethylene did not yield positive results for a Salmonella typhimurium spot test

assay in the absence of mammalian liver homogenates; however, this compound did cause a
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dose-dependentincreasein mutationsin a host-mediatedassay. Cis-l,2-Dichloroethyleneat a
mediumconcentrationof 2.9mMproducedno positiveresultsin a mutagenicityassayfor
Escherichiacoli K12. Gallireportedno positiveresultsforcis-l,2-dichloroethylenein point
mutation,mitoticgeneconversionandmitoticrecombinationassays(allforSaccharomyces
cerevisiae).In addition,it didnotyieldpositiveresultsin an in vivo(intravenous)
host-mediatedmutagenicityassay. Cis-1,2-Dichloroethylenedidnotinducechromosomal
aberrationsin mousebonemarrowin vivo.

2,4-DimethylphenoL An oral RfD of 2 x 10"2, a LOAEL of 250 mg/kg/day, and an

NOAEL of 50 mg/kg/day with an uncertainty factor of 300. In another study, an uncertainty

factor of 3000 was established: 10 each for inter- and intraspecies variability and 30 for lack

of chronic toxicity data, data in a second species and reproductive/developmental studies.

2,4-Dimethylphenol was administered daily to male and female albino mice by gavage. No

significant differences were found between treated and vehicle control groups in mean body

weight, body weight gains, food consumption, or eye examinations at any dosage. Toxicolog-

ically relevant clinical signs were observed only after week 6 in the high-dose groups of both

genders included: squinting, lethargy, prostration,and ataxia, with onset shortly after dosing.

Statistically significant hematological changes LD< 0.05) includedlower mean corpuscular
volume and mean corpuscular hemoglobin concentration in females at terminal,but not

interim, sacrifice.

At interim sacrifice in female mid- and high-dose groups, blood urea nitrogen (BUN) levels
were significantly below vehicle controls; whereas at final sacrifice in the female mid-dose

group, BUN levels were significantly higher than vehicle controls. Low-dose males at interim

sacrifice had significantly higher cholesterol levels. Significant differences were not

found in gross necropsy or histopathological evaluations, or in organ weights, except for an

increase in adrenal weights of low-dose females. The LOAEL and NOAEL for this study

were 250 and 50 mg/kg/day, respectively.

No other long-term toxicity, reproductive, or developmental studies of 2,4-dimethylphenol

were found in the data bases searched. Literature concerning 2,6-dimethylphenol was

identified, but an SAR-based RfD is considered inappropriate when a valid long-term toxicity

study for 2,4-dimethylphenol is available.
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Confidencein the study is medium,sinceit examinedappropriateendpointsand identified

_, both a LOAELand a NOAEL. The results of this study are consistentwith those of a 14-day
gavage study. The data base providesno informationon chronicand reproductivestudies.
Low confidencein both the data base and oral RIDfollows.

Ethyl Benzene. Ethyl benzene has an estimated RfD of 1 x 10"1mg/kg/day. This RfD is

based on the toxic effects on growth, mortality, appearance and behavior, hematologic

findings, terminal concentration of urea nitrogen in the blood, average organ and body

weights, histopathologic findings, and bone marrow counts. An uncertainty factor of 1000

reflects 10 for both intraspecies and interspecies variability to the toxicity of this chemical in

lieu of specific data, and 10 for extrapolation of a subchronic effect level to its chronic

equivalent. A LOAEL of 408 mg/kg/day is associated with histopathologic changes in liver

and kidney. The confidence in this RfD and study is described as low because rats of only

one sex were tested and the experiment was not of chronic duration. Confidence in the

supporting data base is low because other oral toxicity data were not found. Low confidence
in the RfD follows.

An RfC for ethyl benzene is reported as 1 x 100 with an uncertainty factor of 300. A NOAEL

_, of 4340 mg/cu.m is reported for inhalation and 434 mg/cu.m for developmentalcriteria.
Inhalation experiments were conducted with Wistar rats and New Zealand white rabbits. In a

separate group of rats maternal organs (liver, lungs, kidney, heart, spleen, adrenals, ovaries,

and brain) were examined histopathologically one day prior to the end of gestation. Uteri

were examined and fetuses were weighed, sexed, and measured for crown-to-rump length, and

examined for external, internal and skeletal abnormalities. For statistical analyses, the litter

was chosen as the experimental unit.

Ethyl benzene did not elicit embryotoxicity, fetotoxicity, or teratogenicity in rabbits in either

experiment. There were no significant incidences of major malformations, minor anomalies,

or common variants in fetal rabbits from exposed groups. Maternal toxicity in the rabbits

was not evident. There was no evidence of histologic damage in any of the dams' organs.

There was a significantly lower number of live kits per liver in the two groups when

evaluated by ANOVA and Duncan's Multiple Range Test.

In rats exposedonly duringgestation,there were no histopathologicaleffects in any of the
maternalorgans examined. There was no effect on fertilityor on any of the other measures

_' of reproductivestatus. The principalobservationin fetuseswas an increasedincidence
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(p<O.05)of supernumerary and rudimentary ribs in the high exposure group and an elevated

incidence of extra ribs in both the high and 100 ppm groups. Both absolute and relative liver,
kidney, and spleen weights were significantly increased in pregnant rats from the 1000 ppm
group.

No fetal toxicity was noted at either exposure level. Body weights, placental weights, and sex

ratios were within normal limits. Absolute and relative liver and spleen weights were

significantly increased in pregnant rats from the 1000 ppm group; only relative kidney weight

was increased significantly. There were no histopathological effects in any of the organs
examined.

The uncertainty factor of 300 reflects a factor of 10 to protect unusually sensitive individuals,

3 to adjust for interspecies conversion and 10 to adjust for the absence of multigenerational

reproductive and chronic studies.

New Zealand rabbits were exposed for to various concentrations of ethyl benzene from

gestational days 7 to 20. Maternal weight gain was reported to have decreased and exhibited

mild maternal toxicity manifested by reduced weight gain.

Postimplantation loss (percent dead or resorbed fetuses), and exposure-related skeletal

retardation were significantly elevated (p<0.05) in rats at all exposure levels with one

exception that did show an increased incidence of dead/resorbed fetuses, lower weight of

fetuses, and skeletal retarded fetuses. There was a significant (p<0.05) increase in skeletal

retardation and fetal resorption in all continuous exposure groups although the

concentration-response was shallow.

In rats, hematology parameters were unaffected. Of the liver enzymes evaluated, only serum

alkaline phosphatase (SAP) activity was significantly reduced in a concentration-related

manner (at 500 ppm and above) for both sexes with a greater sensitivity in females. The

significance of this decrease is not clear since in liver damage, SAP levels usually increase.

The investigators suggested the decrease may be due to reduced water and food

intake. No liver histopathology was noted for any exposure group. Regeneration of renal

tubules in the kidneys of male rats only was seen in all groups including controls. The

severity of the lesions was greatest in the rats at in the high-exposure group.
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The most significant gross observationin rats was the presence of enlarged bronchialand/or

mediastinallymphnodes,but theseobservationswerenotdose-related.Microscopically,this
enlargementwasattributableto an increasein normalconstituentsof the lymphnodes
characterizedbyaccumulationsof macrophages,lymphocytes,neutrophils,andplasmacells.
It wasthe opinionof theNTPPathologyWorkingGroup(PWG)that hyperplasiaof the
lymphnodesandlowerrespiratorytractwastypicalof an infectiousagentwithan associated
active immune response rather than ethyl benzene exposure. This diagnosis was supportedby

the following observations: an uneven distributionof lesions among and within groups;foci

of airway inflammation were randomlydistributedthroughoutthe lungs; considerable

variabilityin severity within groups;and there was no consistent concentration-response

relationship. No lesions were seen in the nasal cavity. The PWG describedthese lesions as

not typical of the type of lesions which occurs with knownpulmonaryirritants. These lesions

were not found in controlanimals, which were housedin separaterooms. No infectious agent

was identified upon serologic examination. In the draftNTP technical report (NTP, 1990),

the inflammatorylung lesions were describedas probablyunrelatedto exposure. Antibodies
to common rodent respiratory tract viruses were not detected. However, only sera from

control rats were sampled. Lesions morphologicallyindistinguishablefrom those in this study
have been seen in control and treatmentgroupsof ratsfrom other inhalationand dosed feed

studies. The PWG recommended that this effect be reevaluated in anotherstudy.

In mice, no significant exposure-related gross or histopathological observations were noted at

terminal necropsy of any organs, including the lung. The only exposure-related effects were

significantly elevated absolute and relative liver weight in both sexes of mice at of 750 and

1000 ppm and significantly elevated relative kidney weight of the females exposed to 1000

ppm. There were no significant histopathological changes or function test alterations in either

liver or kidney of either sex.

Angerer and Wulf evaluated 35 workers who chronically (2-24 years, average 8.2 years)

sprayed varnishes containing alkyd-phenol and polyester resins dissolved in solvent mixtures

consisting principally of xylene isomers and ethyl benzene. Some of the varnishes contained

lead-based pigments. The air samples from personal monitors indicated average levels of 4.0

ppm for ethyl benzene. Although workers had significantly elevated lymphocytes in addition

to significantly decreased erythrocyte counts and hemoglobin levels compared with controls,

these effects cannot be attributed to ethyl benzene since other compounds (e.g., xylene,

methylchloroform, n-butanol, toluene, C9 hydrocarbons) were detected in some of the six

_, workplaces evaluated.
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Bardodej and Cirek carried out biomonitoring of 200 ethyl benzene production workers

occupationally exposed for a mean duration of 12.2 years to unspecified concentrations of

ethyl benzene and benzene over a 20-year period.

The workers were evaluated twice a year and ethyl benzene metabolites measured. No

statistically significant differences in hematological effects (e.g., RBC, WBC, leukocyte and

platelet counts) or liver function tests (e.g., aminotransferase and/or SAP and LDH activities

and bilirubin tests) were observed between exposed and nonexposed workers.

NTP does not consider observations of lung lesions in rats exposed in the NTP subchronic

study to be treatment-related. However, no infectious agent has been detected. Therefore,

there remains a possibility that ethyl benzene may play a role in producing lung lesions. It is

anticipated that this issue will be clarified upon completion of the chronic study in progress.

In view of the previous considerations, the RfC is given a low confidence rating.

Ethyl benzene is classified a D carcinogen based on the lack of animal bioassays and human

studies.

_, An HAONE of 3.2 x 101 mg/L and a NOAEL of 31.8 mg/kg/day were calculated with an

uncertainty factor of 10 Appropriate data for calculating a Longer-term HA are not available.

It is recommended that the DWEL of 3.4 mg/L be used as the Longer-term HA for the 70-kg
adult.

Manganese. A oral RfD of 0.1 mg/kg/day and an NOAEL of 0.14 mg/kg/day with an

uncertainty factor of 1 was reported. The information used to determine the oral RfD for

manganese was taken from many large populations. Humans exert an efficient homeostatic

control over manganese such that body burdens are kept constant with variations in diet.

There are no subpopulations which are believed to be more sensitive to manganese at this

level. The use of an uncertainty factor of 1 is supported by the fact that manganese is an

essential element, being required for normal human growth and maintenance of health. It has

also been suggested that children are less susceptible to manganese intoxication and may

require slightly higher levels of manganese than do adults.

A small-scale epidemiologic study of manganese in drinking water was performed by

Kondakis in three areas in northwest Greece. The mean concentration of manganese in hair

_' was 3.51, 4.49, and 10.99 ug/g dry weight for areas A, B, and C, respectively (p<0.0001 for
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areaC vs. A). However, the concentrationof manganese in whole blood did not differ

between the three areas.

A report by Kawamuradescribed toxicologic responses in humansconsuming large amounts

of manganese dissolved in drinking water. The source of the manganese came from about

400 dry-cell batteries which were buried near a drinking water well. Sixteen cases of

manganese poisoning were reported, with symptoms including lethargy, increased muscle

tonus, tremor, and mental disturbances. The most severe symptoms were seen in elderly

people, with children being affected to a lesser degree. Three individuals died, one from

suicide. The cause of death for the other two was not reported, but the autopsy of one

individual revealed manganese concentration in the liver to be 2 to 3 times higher than

controls. Zinc levels were also increased in the liver. The well water was not analyzed until

1 month after the outbreak, at which time it contained approximately 14 mg Mn/L. However,

when re-analyzed 1 month later, the levels were decreased by about half. Therefore, by

retrospective extrapolation, the concentration of manganese at the time of exposure was
probably at least 28 mg Mn/L. Assuming an adult body weight of 70 kg and a water

consumption of 2 L/day, this would be equivalent to an intake of 0.8 mg Mn/kg bw/day from
drinking water alone.

Rodents do not exhibit the same neurological deficits that humans do following exposure to

manganese, so the relevance of these biochemical changes has been challenged. While

primates are considered to be the species of choice for modeling the human response to

manganese poisoning, only one limited oral study has been performed in a group of four

rhesus monkeys. Muscular weakness and rigidity of the lower limbs developed after 18

months of exposure to 6.9 mg Mn/kg bw/day (as MnC12-4H20). Histological analysis

showed degenerated neurons in the substantia nigra and scanty neuromelanin granules in some

of the pigmented cells. An inhalation RfD of 4 x 10-4 mg/cu.m and a LOAEL of 0.97

mg/cu.m with an uncertainty factor of 300. An uncertainty factor of 100 reflects 10 to protect
sensitive individuals and 10 for use of a LOAEL. An additional factor of 3 was used to

account for the less than chronic period of exposure.

Roels conducted a cross-sectional study in 141 male workers exposed to manganese dioxide,

tetroxide and various salts (sulfate, carbonateand nitrate). A matched groupof 104 male

workerswas selected as a controlgroup. The two groups were matchedfor socioeconomic

status and backgroundenvironmentalfactors; in addition,both groups had comparable

_P' workload and workshift characteristics. The TWA of total airborne manganese dust ranged
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from 0.07-8.61 mg/cu.m, respectively, with an overall mean and median of 1.33 and 0.97

mg/cu.m. The authors noted that there was an increase in production between 1965 (440

metric tons) and 1981 (22,000 metric tons) and presumably exposure with time. Thus

exposure, particularly for individuals with long employment durations, may have been lower.

The duration of employment ranged from 1-19 years with a mean of 7.1 years. The particle

size and purity of the dust were not reported. Neurological examination, psychomotor tests

(simple reaction time, short-term memory and hand tremor), lung function test (forced vital

capacity, forced expiratory volume, peak expiratory flow rate and maximal expiratory flow

rate at 50 and 75 percent of the FVC), blood and urine tests and a questionnaire were used to

assess possible toxic effects of manganese exposure. The questionnaire was designed to

detect CNS and respiratory symptoms.

Concentration-response relationships between length of exposure or urinary manganese levels

and the prevalence of abnormal CNS findings were not observed. A significantly higher

prevalence of coughs during the cold season, dyspnea during exercise and recent episodes of

acute bronchitis were found in the exposed group. Lung ventilatory parameters were mildly

altered in the exposed smokers. Significant alterations were found in simple reaction time

(visual), audioverbal short-term memory test, eye-hand coordination, and hand steadiness test

_, in the workers exposed to manganese. In general, this study is adequate to derive a risk

assessment, however, certain limitations should be noted. One shortcoming is the lack of

adjustment for age in the psychomotor measures. Age-standardization was used in the

short-term memory task, but not in the measures of reaction time and tremor (hand steadiness

and eye-hand coordination). However, since the mean age of the control group was higher

than that of the exposed group, the likely effect of a lack of age adjustment is to underesti-

mate the effect of manganese. Another limitation of the Roels study was the lack of

correction for multiple tests. Differences between control and exposed groups on several

neurobehavioral measures were assessed with simple t tests or chi-square tests. With alpha =

0.05, one in twenty such tests could be found statistically significant by chance alone.

However, it appears that this percentage was well exceeded, e.g., 5 or 8 reaction time

measures were significant and 7 of 11 short-term memory measures were significant. Thus,

these flaws in the Roels study do not appear to compromise its utility for risk assessment

purposes. Based upon the increased psychomotor disturbances, a LOAEL of 0.97 mg/cu.m

was identified [where the LOAEL(HEC) = 0.34 mg/cu.m].

Chandra examined 60 welders from three separate plants exposed to manganese fumes. In

_" plant 1, the workers complained of frequent occurrence of colds, cough and short hyperpyrex-
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ia. The workers of all three plants often reported insomnia. No other subjective effects were

_, reported by the workers in plants 2 and 3. No hematological alterations were observed in

hemoglobin, RBC and WBC counts. Positive neurological signs (brisk, deep reflexes in the

legs and/or arms) were observed in 25, 50 and 45 percent of workers in plants I, 2 and 3,

respectively. Tremors were also observed in one and four workers in plants I and 2,

respectively. No positive neurological signs were observed in the control workers. Although

significant effects are reported for "deep reflexes" and "tremors," it appears that these

endpoints were assessed through a non-blind neurological examination. The findings of

Chandra et al., may be viewed as supportive. Increased serum calcium levels and urinary

manganese levels were also observed in the welders. The calculated LOAEL(HEC) from the

mean exposure of plant I is 0. I I mg/cu.m.

Manganese toxicity can vary depending upon the route of exposure. When ingested,

manganese is considered to be among the least toxic of the traceelements. In inhalation

particle size will determine the site of depositionin the respiratorytract. Generally,in
humans, fine mode particles (<2.5 microns) preferentially deposit in the pulmonary region and

coarse mode particles (>2.5 microns)deposit in the tracheobronchialand extrathoracic

regions. Those particles depositing in the extrathoracic and tracheobronchial regions are

predominantly cleared by the mucociliary escalator into the gastrointestinal tract where

absorption will be quite low (about 3 percen0. For manganese, another possibility exists. A

brief report suggested that another heavy metal, aluminum, was directly transported to the

brain via nasal olfactory pathways (i.e., from extrathoracic deposition). One could speculate

that this pathway may operate for manganese, raising additional difficulty in understanding

target site dosage. Particles deposited in the pulmonary region will be cleared predominantly

to the systemic compartment by absorption into the blood and lymph circulation. From all

these factors, we assume 100 percent absorption of particles deposited in the pulmonary

region, recognizing that this ignores other mechanisms that are likely to occur to some

unquantified degree.

Chronic manganese poisoning in workers has been recognized since 1837. The primary

effects associated with manganese toxicity from inhalation exposure in humans are signs and

symptoms of CNS toxicity (manganism) and pneumonia. Manganism is believed to result

from disturbances in the extrapyramidal motor system. Canavan reported the occurrence of

diffuse cellular changes in the cerebral cortex and cerebellum, degeneration of nerve cells,

satellitosis, and gliosis in the basal ganglia in a manganese miner. The observed CNS

toxicity can be divided into two stages: the first is dominated by psychological disturbances
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that subside if manganese exposure is terminated; the second is predominantly a neurological

disturbance, which occurs with continued manganese exposure and is not reversible.

Manganese neurotoxicity can involve psychiatric as well as neurobehavioral disturbances. In

some cases these effects may be reversible; in others, the effects may persist even after

termination of manganese exposure. Headache and somnolence followed by insomnia and

fatigability are some of the earlier observed symptoms. If exposure is continued, speech and

gait disturbances, tremor, mask-like face, postural instability, emotional instability and

hallucinations may occur. Numerous investigators have reported CNS effects in workers

exposed to manganese dust or fumes. Although there is an extensive database on CNS effects

in workers, limitations in the studies preclude describing a quantitative dose/response

relationship. Manganese concentrations are often presented as a broad range and particle size

distribution and/or chemical characterization is not reported or adequately characterized. In

addition, the occurrence of other chemicals at the factory is often not reported. Despite the

limitations of these studies, they do provide information for identifying an effect level;

psychological disturbances and/or neurological disturbances appear to be associated with
long-term exposure to levels of manganese exceeding 0.25 mg/cu.m.

Workers exposed to manganese dust have a higher incidence of respiratory effects. An

increased incidence of colds, bronchitisand pneumoniawas reported in workers exposed to
manganese dust and junior high school students living near a ferromanganese factory. As

discussed in regard to the CNS toxicity, the study limitations preclude the establishment of a

dose-response relationship. Similar respiratory effects were also observed in animals. Other

effects observed in humans include hematological cardiovascular and reproductive effects.

Workers employed in three different factories (30-35 workers/factory) and 30 matched

controls were examined for neurological and psychological alterations. The mean concentra-

tions of atmospheric manganese for the three plants were 1.0, 3.0, and 7.0 mg/cu.m. The

specific manganese compound and other contaminants were not reported. An increased

incidence of headache, involuntary movements, fatigue and exhaustion, sleep disturbances,

sialorrhea, seborrhea, speech disturbances, gait disturbance, exaggerated reflexes, depression,

hallucination, and prolonged reaction time were observed in workers exposed to manganese.

The most common effects were headache, involuntary movements, fatigue, and exhaustion.

The incidence of headaches; involuntary movements; disturbances in sleep, speech, and gait;

and exaggerated reflexes were significantly increased with increasing duration of employment.

Significant effects were observed in all three plants, thereby indicating the a LOAEL of 1.0

mg/cu.m in this study. Concentration-response relationships for the incidence of involuntary

movements, speech disturbances, gait disturbances and hallucinations were observed. No
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correlation between air and blood manganese levels was observed. From these data a

LOAEL(HEC) of 0.36 mg/cu.m was calculated.

An increased incidence of pneumonia was observed in men employed at a potassium

permanganate manufacturing facility during an 8-year period (n=40-124) as compared with a

control group of workers (n=>5000). The levels of manganese in the dust ranged from

0.7-38.3 mg/cu.m of which 43-54 percent, respectively, was manganese dioxide (0.3-21 mg

MnO2/cu.m, 0.2-13.2 mg Mn/cu.m). Approximately 80 percent of the particles were <0.2 um

and nearly all were <1 um. The other major compounds in the dust included calcium and

potassium; barium (1 percent) and sodium (0.1 percent) were also detected in the dust. The

levels of calcium and potassium in the dust were not reported. Trace amounts of silica, iron

and lithium were also detected. The incidence of pneumonia in the workers was 26 per 1000,

compared to an average of 0.73 per 1000 in the control group. All cases were diagnosed as

lobar or bronchopneumonia. Workers also complained of bronchitis and nasal irritation. In a

continuation of the Lloyd-Davies study, Lloyd-Davies and Harding reported the results of

sputum and nasopharynx culturcs for four men diagnosed as having lobar or bronchopneumo-

nia. With the exception of one of these cases, Lloyd-Davies and Harding concluded that it

was unlikely that bacterial infection played a primary role in producing the consolidation

present in the lung and that manganese dust, without the presence of other factors, caused the

observed pneumonitis. Based upon the range of exposure to manganese (0.2-13.2 mg/cu.m), a

LOAEL(HEC) range of 0.07-4.7 mg/cu.m can be estimated.

Saric examined 369 workers in a ferroalloyplant. Workersin two other plants (electrode

plant, n=190; aluminumrolling mill, n=204) served as controls. The ferroalloyplantworkers

were exposed to 0.3-20.41 mg/cu.m manganese; the manganese levels in the electrode plant

and aluminum rolling mill were 0.002-0.03 mg/cu.m and 0.00005-0.00007 mg/cu.m, respec-

tively. The workers were exposed to either manganese dust or fumes. The manganese

compoundor compounds that the workerswere exposed to was not reported. A significant

increase in the following subjective symptomswas observed in the ferroalloyplant workers:

fatigue, bad mood, irritability and hand tremor. One or more sign(s) of neurological

impairment (e.g., tremor, pathological reflexes) was observed in 16.8 and 5.8 percent of the

workersin the ferroalloyplant and electrode plant, respectively. A significant decrease in

systolic blood pressurewithout a change in diastolic blood pressurewas also reported in the

ferroalloyplant workers. Saric and Lucic-Palaic reportedthat in these groups of workers,

manganese exposure and smoking might have a possible synergisticeffect on the occurrence

of respiratory symptoms.
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Chronic manganese psychosis (16.6 percent), neuropsychiatricmanifestations (22.2 percent),

hemi-parkinsonism (2.7 percent) and choreoathetosis (2.7 percent) were observed in 36

workers employed in the dry battery industry. The workers were exposed to a dust containing

65-70 percent manganese dioxide (6.8-42.4 mg/cu.m). Contaminants in the dust included

ammonium chloride, zinc oxide, graphite, acetylene black, ammonium hydroxide, cerium

thorium nitrate, magnesium nitrate, and mercuric chloride. The particle size distribution was

not reported. The psychological manifestations included headache,memory disturbances,

sleep disturbances, uncontrollable laughter, sexual impotence or diminished libido, impulsive
acts, uncontrollable weeping, irritability or depression, and hallucinations.

Smyth observed 71 workers exposed to manganese dust or fumes and 71 matched controls.

The manganese levels in the fumes (primarily as manganese tetroxide) were 0.12-13.3

mg/cu.m and the majority of the particles were <2 microns in size. The manganese dust was

mainly ferromanganese, with small amounts of manganosite (MnO), hausmannite (manganese

tetroxide), and iron oxide. The manganese level in the dust ranged from 2.1-12.9 mg/cu.m.;

95 percent of the particles were <5 microns in size. Neurological examination of the workers

revealed five workers with signs of CNS impairment. Three of these workers were exposed

_, to manganese fumes and the other two to manganese dust. The five affected were exposed to
the upper end of the exposure range. It is unclear if other workers exhibited signs of

neurobehavioral problems.

The available evidence obtained from small laboratory animals indicates that rats may display

some of the neurochemical changes associated with manganism in humans; however, they do

not exhibit the wide range of behavioral manifestations described in primates. Manganese

accumulation appears to be relatively high in pigmented substanfia nigra tissues. Since the

primate (but not rodent substantia nigra) shows pigmentation, there is some basis for

assuming species differences in accumulation and toxicity of manganese. Because the

deposition and retention in the respiratory tract is dependent on particle size, the particle size

distribution of the atmospheric manganese is likely to play a role in respiratory tract damage.

Particle size of the manganese dust was often not reported in the occupational studies;

therefore, comparisons between human and experimental animal data are difficult. However,

the experimental animal data support the findings in manganese workers that manganese

exposure results in an increased incidence of pneumonia, pulmonary congestion, and pulmo-

nary emphysema.

KN/WPg 13_-27-92/F2 E-45



One of the primaryeffects of manganese exposure in humansis artincreasedprevalence of

_, respiratorysymptoms(pneumonia,bronchitis,colds,andcoughs).Respiratoryeffectshave
alsobeenreportedin animals.It is unlikelythatexposuretomanganeseis solelyresponsible
for theincreasedprevalenceofrespiratorysymptoms.Rather,manganeseexposureprobably
increasessusceptibilityto infection.Thisis supportedby severalanimalstudiesthathave
demonstratedimmunotoxicityfollowingexposureto manganeseandStreptococci,
Enterobacteror Klebsiella.

Male and female guinea pigs (sample size not reported) were exposed to 22 mg/cu.m

manganese dioxide (13.9 mg Mn/cu.m) for 24 hours; 87 percent of the particles were <3

microns in size. Groups of guinea pigs were exposed to Enterobacter cloacae 1 day prior to

manganese exposure, immediately before manganese exposure, or immediately after manga-

nese exposure. The decrease in the clearance of manganese dioxide from the lungs, decrease

in lung macrophages, and increase in the number of lung leukocytes observed in animals

exposed to Enterobacter 1 day prior to manganese exposure were significant when compared
to the manganese exposure-only group.

Inhalation RID of confidence was medium in the principal study. The LOAELfor respirato-

r, ry and CNS effects was supported by several other human studies. Manganese is classified as

a class D carcinogen.

The DrinkingWater CriteriaDocumentforManganesehas receivedOHEAreview.

Mercury. A riskassessmentfor thissubstance/agentis underreviewbyan EPAworkgroup.

Mercuryis classifiedas a class D carcinogen. When 39 BD III and BD IV rats were injected

i.p. over 2 weekswith 0.1 ml metallicmercuryand observedfor theirlifetimes,sarcomas
were seen only in those tissues that had beenin directcontactwith the metal. No concurrent
controlswere reported.

Mitsumori fed groups SPF ICR mice. One adenoma was detected among 37 controls

surviving to week 53 or beyond, and no tumors were seen in either control or exposed

females. The possible presence of tumors at other sites was not reported in

this preliminary communication.
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Methylmercuryhydroxideadministeredin the diet to Drosophilamelanogasterat 5 mg/L

inducedchromosomalnondisjunction.Methyland phenylmercuryproducedsmall increases
in the rate of pointmutations.

The relevanceof data from studiesof organicmercuryto the possiblecarcinogenicityof
inorganicmercuryis uncertain.

Methylene Chloride. An oral RfD of 6 x 10"2 mg/kg/day, an NOAEL of 5.85 and 6.47

mg/kg/day (for males and females, respectively), and an LOAEL of 52.58 and 58.32

mg/kg/day (for males and females, respectively) with an uncertainty factor of 100. The

100-fold factor accounts for both the expected intra- and interspecies variability to the toxicity

of this chemical in lieu of specific data.

The study is given a high confidence rating because a large number of animals of both sexes

were tested in four dose groups, with a large number of controls. Many effects were

monitored and a dose-related increase in severity was observed. The data base is rated

medium to low because only a few studies support the NOAEL. Medium confidence in the
RfD follows.

A risk assessment for the inhalation study of methylene chloride is under review by an EPA

work group.

Methylene chloride is classified as a class B2 probable human carcinogen based in inadequate

human data and sufficient evidence of carcinogenicity in animals; increased incidence of

hepatocellular neoplasms and alveolar/bronchiolar neoplasms in male and female mice, and

increased incidence of benign mammary tumors in both sexes of rats, salivary gland sarcomas

in male rats and leukemia in female rats. This classification is supported by some positive

genotoxicity data, although results in mammalian systems are generally negative.

Human carcinogenicity data is inadequate. Neither of two studies of chemical factory

workers exposed to dichloromethane showed an excess of cancers. The Ott study was

designed to examine cardiovascular effects, and consequently the study period was too short

to allow for latency of site-specific cancers. In the Friedlander study, exposures were low,

but the data provided some suggestion of an increased incidence of pancreatic tumors. This

study was recently updated to include a larger cohort, followed through 1984, and an

investigation of possible confounding factors. A nonsignificant excess in pancreatic cancer
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deaths was observed, which was interpretedby EPA as neitherclear evidence of carcinogenic-

ity in humans, nor evidence of noncarcinogenicity. An update of the Ott et al. (1983) study,
based on longer follow-up, indicated possible elevation of liver and biliary tract cancers

(TSCA section 8(e) submission no. 8eHQ-0198-0772 FLWP et seq., 1989).

Dichloromethane administered in the drinking water induced a significant increase in

combined hepatocellular carcinoma and neoplastic nodules in female F344 rats and a

nonsignificant increase in combined hepatocellular carcinoma and neoplastic nodules in male
B6C3F1 mice. Two inhalation studies with dichloromethane have shown an increased

incidence of benign mammary tumors in both sexes of Sprague-Dawley and F344 rats. Male

Sprague-Dawley rats had increased salivary gland sarcoma and female F344 rats had

increased leukemia incidence. Both sexes of B6C3F1 mice developed liver and lung tumors

after dichloromethane treatment. In a 2-year study by the National Coffee Association groups

of 85 F344 rats received dichloromethane in the drinking water. In female rats the incidence

of combined hepatocellular carcinoma and neoplastic nodules was statistically significantly
increased in the 50 and 250 mg/kg dose groups when compared with matched controls. The

incidence of hepatocellular carcinoma alone was not significantly increased. The combined

incidence of hepatocellular carinoma and neoplastic nodules in controls and the 4 dose groups

_, was similar to that for historical controls. Male rats showed no increase in liver tumors.

In the same National Coffee Association study, B6C3F1 mice dichloromethane in drinking

water. Male mice had an increased incidence of combined neoplastic nodules and hepatocel-

lular carcinoma. The increase was not dose-related, but the pairwise comparisons for the two

mid-dose groups were reported to be statistically significant.

The hepatocellular carcinoma incidence alone for male mice was not significantly elevated.

Female mice did not have increased liver tumor incidence. The EPA regarded this study as

suggestive but not conclusive evidence for carcinogenicity of dichloromethane. Inhalation

exposure of Syrian hamsters to dichloromethane did not induce neoplasia. Spragne-Dawley

rats were exposed under the same conditions. Female rats administered the highest dose

experienced significantly reduced survival from 18-24 months. Female rats showed a

dose-related increase in the average number of benign mammary tumors per rat, although the

numbers of rats with tumors were not significantly increased. A similar response was

observed in male rats, but to a lesser degree. In the male rats there was a statistically

significant positive trend in the incidence of sarcomas of the salivary gland; the incidence was

V significantly elevated at the high dose. There is a question as to whether these doses reached
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the MTD, particularlyin the hamstersand the malerats. In anotherstudy (DowChemical

Co.), Sprague-Dawleyrats were exposedby inhalationto dichloromethane.No salivary
tumorswere observed,but there was an exposure-relatedincreasein the total numberof

benignmammarytumorsin femalerats, althoughthe increasewas not statisticallysignificant
in any individualexposuregroup.

Groups F344/N rats and B6C3F1 mice were exposed to dichloromethane by inhalation.
Survival of male rats was low; however, this apparently was not treatment-related. Survival
was decreased in a treatment-related fashion for male and female mice and female rats.

Mammary adenomas and fibroadenomas were significantly increased in male and female rats

after survival adjustment, as were mononuclear cell leukemias in female rats. Among treated

mice of both sexes there were significantly increased incidences of hepatocellular adenomas

and carcinomas, and of alveolarbronchiolar adenomas and carcinomas, by life table tests.

Adenomas and carcinomas were significantly increased alone as well as in combination. In

addition, there were significant dose-related increases in the number of lung tumors per
animal multiplicity in both sexes of mice.

Dichloromethane was mutagenic for Salmonella typhimurium with or without the addition of

hepatic enzymes and produced mitotic recombinationin yeast. Results in cultured mammali-
an cells have generally been negative, but dichloromethane has been shown to transform rat

embryo cells and to enhance viral transformation of Syrian hamster embryo cells. Although

chlorinated solvents have often been suspected of acting through a nongenotoxic mechanism

of cell proliferation, found methylene chloride to be unable to induce hepatocellular division
in mice.

An oral slope factor of 7.5 x 10-3 mg/kg/day was reported for methylene chloride.

Methyl ethyl ketone (MEK). A risk assessment for this substance/agent is under review by

an EPA work group.

Methyl ethyl ketone is classified as a class D carcinogen based on no human carcinogenicity

data and inadequate animal data.

Data for animal carcinogenicity is inadequate. No data were available to assess the carcino-

genic potential of methyl ethyl ketone by the oral or inhalation routes. In a skin carcinogene-

sis study, two groups of 10 male C3H/He mice received dermal applications of 50 mg of a
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solution containing 25 or 29 percent methyl ethyl ketone in 70 percent dodecylbenzene twice

a week for 1 year. No skin tumorsdeveloped in the groupof mice treatedwith 25 percent

methyl ethyl ketone. After 27 weeks, a single skin tumor developed in 1 of 10 mice

receiving 29 percentmethyl ethyl ketone.

Methyl ethyl ketonewasnot mutagenic forSalmonellatyphimuriumstrains TA98, TA100,

TA1535,or TA1537withorwithoutrathepatichomogenates.Methylethylketoneinduced
aneuploidyin the diploidD61,M strainof Saccharomycescerevisiae.Lowlevelsof methyl
ethylketonecombinedwithlowlevelsof nocodazole(anotherinducerof aneuploidy),also
producedsignificantlyelevatedlevelsof aneuploidyin the system.

2-Methylphenol and 4-MethylphenoL An oralRfDof 5 x 102 mg/kg/day,an NOAEL

of 50 mg/kg/day,and an LOAELof 150mg/kg/dayweredeterminedwith an uncertainty
factorof 1000, 10for interspeciesand 10for intraspeciesvariabilityand 10 foruncertaintyin
extrapolationof subchronicdata to levelsof chroniceffects.

Thirty Sprague-Dawleyrats were exposed to 2-methylphenol. The rats showed a high

combined mortality, and a reduction in body weight. Food consumption was also significantly

_, reduced. Kidney-to-bodyweight ratio was higher than that of the control value at the end of
the study. In addition to the above effects, CNS effects such as lethargy, ataxia,coma,

dyspnea, tremor,and convulsions were seen within 15 to 30 minutes afterdosing; recovery

occurredwithin 1 hourpostgavage.

AnotherexperimentwithexposingSprague-Dawleyto 2-methylphenolmonitoredthe
following for signs of neurotoxicity: salivation, urination, tremor, piloerection, diarrhea, pupil

size, pupil response,lacrimation,hypothermia,vocalization,exophthalmia,palpebralclosure,
convulsions(typeandseverity),respiration(rateandtype),impairedgait,positional
passivity, locomotoractivity,stere.otypy,starderesponse,rightingreflex,performanceon a
wiremaneuver,forelimbstrength,positive geotrophism,extensorthrust,limbrotation,taft

pinch reflex, toe pinch reflex,and hind limbsplaywerealso evaluated. The lowestdose of
o-cresolcausedclinical signsof CNS-stimulationpost dosingsucha salivation,rapid
respiration,and hypoactivity;however,these symptomswere low in incidenceand sporadicin
nature. Higherdoses of o-cresolproducedsignificantneurologicalevents, such as increased
salivation,urination,tremors,lacrimation,palpebraiclosure,andrapidrespiration. High

dosed animalsalso showedabnormalpatternsin the neurobehavioraltests. The NOAELbased

_' on systemictoxicitywas 50 mg/kg/dayin rats.
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In a series of subchronic inhalation studies, Uzhdavine exposed rats and guinea pigs to

_, o-cresol at a concentration of 9.0 (plus or minus 0.9) mg/cu.m. No effect was seen in guinea
pigs. In rats, the authors reported various hematopoietic effects, respiratory tract irritation and

sclerosis of lungs. Uzhdavine also reported that humans exposed to 6 mg/cu.m cresol

(duration unspecified) experienced nasopharyngeal irritation. Other studies support the

findings (effects) reported in this study. Based on a review and assessment of the available

literature, primarily Uzhdavine, NIOSH recommended a TLV-TWA of 10 mg/cu.m (0.05

mg/kg/day). An RfD of 0.05 mg/kg/day can also be derived from this value; this lends

support to the RfD derived from the subchronic toxicity studies.

Confidence is the study is high because the critical studies provided adequate toxicological

endpoints that included both general toxicity and neurotoxicity. The data base is medium

because there are adequate supporting subchronic studies. Thus, until additional chronic

toxicity studies and reproductive studies are available, medium confidence in the RfD is
recommended.

The health effects data for 2-methylphenol were reviewed by the U.S. EPA RfD/RfC Work

Group and determined to be inadequate for the derivationof an inhalation RfC. The

_, verification status for this chemical is currently not verifiable. 2-Methylphenol is classified as

a class C carcinogen based on an increased incidence papillomas in mice in an initiation-pro-

motion study. The three cresol isomers produced positive results in genetic toxicity studies
both alone and in combination.

Only anecdotal data available is available for human carcinogenicity. Garrett reported two

cases of multifocal transitional cell carcinoma of the bladder following chronic occupational

exposure to cresol and creosote. Wodyka described a squamous cell carcinoma of the vocal

cords in a petroleum refinery worker with a long history of exposure to cresol, dichloro-

octane, and chromic acid.

Animal carcinogenicity is limited. Four skin application studies which had positive results

are reported; however, the final two studies are of limited value due to the application of a

mixture of chemicals. In a study by Boutwell and Bosch, female Sutter mice received a

single dermal application of dimethylbenzanthracene (DMBA) in acetone as the initiator,

followed 1 week later o-, m- or p-cresol in benzene twice weekly for 12 weeks. Skin

papillomas were evaluated at 12 weeks. Many of the cresol-treated mice died, presumably of

cresol toxicity. There was no mortality or evidence of skin papillomas in the benzene control
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group (benzeneweekly after DMBA initiation). None of the 12 mice in the benzene control

,_, group died or developed skin papillomas.

In another experiment, groups of 20 mice received a single dose DMBA in acetone, followed

by twice weekly applications of m-cresol in benzene or p-cresol in benzene for 20 weeks. No

skin papillomas were observed in the 18 surviving benzene control mice; m-cresol- and

p-cresol-treated mice developed skin papillomas. These two experiments indicate that cresols

can serve as tumor promoters of a polycyclic aromatic hydrocarbon.

Studies on the induction of unscheduled DNA synthesis showed p-cresol to be positive in

human lung fibroblast cells in the presence of hepatic homogenates, the mixture of the three

isomers to be weakly positive in primary rat hepatocytes, and o-cresol to be negative in rat

hepatocytes.

In cell transformation assays using BALB/3T3 cells, a mixture of 3 cresol isomers was

positive, and o-cresol was negative. Positive mutagenic responses were found at noncytotoxic

doses. In another cell transformation assay using p-cresol, negative results were obtained
with the mouse fibroblast cell line C3H1OT1/'2.

Cresols (o-, m- and p-) are not mutagenic for various strains of Salmonella typhimurium both

in the presence and absence of mammalian liver homogenates.

A mixtureof the three isomerswas mutagenicin a mouse lymphomaforwardmutationassay
with mammalianliver homogenates,whileo-cresolwas not mutagenicboth with and without
liver homogenates.

No isomer, when tested individually, induced sister chromatid exchanges (SCEs) in vivo, but

the mixture of the three isomers induced SCEs in Chinese hamster ovary (CHO) cells in vitro.

Only o-cresol induced SCEs in human lung fibroblasts and CHO cells.

In a screening test for putative carcinogens, infectious virus particles were produced from

SV40-transformed weanling Syrian hamster kidney cells exposed to m-cresol.

o-Cresol is rated as a very toxic compound with a probable oral lethal dose in humans of

50-500 mg/kg, or between 1 teaspoon and 1 ounce for a 70 kg (150 lb.) person, o-Cresol is a

strong dermal irritant and frequently causes dermatitis. Serious or fatal poisoning may result
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if large areas of skin are wet with cresylicacidand the substanceis not removed immediate-

ly. Ingestionof even a small amountmaycause paralysisand coma. o-Cresolis corrosiveto
body tissueswith toxicitysimilarto phenol.

Exposure to o-cresol may result in a burning pain in the mouth and throat; white necrotic

lesions in the mouth, esophagus and stomach; abdominal pain, vomiting, diarrhea, paleness;

sweating; weakness; headache; dizziness; ringing in ears; shallow respiration with "phenol"

odor on the breath; scanty, dark-colored or "smoky" urine; and possibly delirium followed by

unconsciousness. Convulsions are rarely seen, except in children. Hypersensitivity develops
in certain individuals.

Naphthalene. A risk assessment for this substance/agent is under review by an U.S. EPA

work group. No RfC is available at this time.

CARCINOGENICI'I_ ASSESSMENT FOR LIFETIME EXPOSURE

Naphthalene is a D carcinogen, not classifiable as to naphthalene is a human carcinogenicity.

The National Toxicology Program is currently evaluating naphthalene for carcinogenicity in

mice by the inhalationmute; final results are not yet available. A group of 28 rats was

exposed to naphthalene in the diet (6 times/week, average daily dose 30-60 mg/kg/day). No

carcinogenic responses were reported. Mice were exposed to naphthalene via inhalation in a

short-term pulmonary tumor bioassay. There was a statistically significant increase in the

number of adenomas per mouse lung, but there was no apparent dose-response relationship.

Tsuda et al. (1980) gavaged rats with naphthalene (single dose of 100 mg/kg) after a partial

hepatectomy. At 2 weeks after surgery, 2-acetylaminofluorene (2AF) was added to the diet at

200 ppm, after 1 week of 2AF, a single 2.0 mL/kg dose of carbon tetrachloride was given.

Feeding of 2AF continued for 1 week, followed by a basal diet for 1 week. Neither the

number nor the size of gamma-glutamyl transpeptidase (GGT) foci appeared to be increased

in naphthalene-treated rats compared with vehicle controls. A group of 10 rats received

intraperitoneal injections of naphthalene (20 rag/rat) once a week for 40 weeks. No carcino-

genic responses were reported. Coal tar-derived naphthalene with impurities was administered

to rats subcutaneously (500 mg/kg) at 2-week intervals. Lymphosarcomas were found in 14.7

percent whereas controls had 2 percent incidence. This study is of limited value because of

impurities and carbofuchsin was applied dermally to the injection site. Mice were painted

with 0.5 percent coal tar-derived naphthalene with impurities in benzene 5 days/week for life.

The value of this study for assessing carcinogenicity is very limited due to the presence of
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potentially carcinogenic impurities and the vehicle is a known carcinogen. Other mouse

skin-painting tests of naphthalene as a complete carcinogen and as an initiator of carcinoge-

nicity were negative or inconclusive.

With one exceptionnaphthalenewas not positive whentested in a varietyof genotoxicity

assays. In the Ames test, naphthaleneat concentrationsof up to 2.5 mg/platewas not
positiveeither with or withouthepatichomogenates.

In a DNA damage assay, Nakamura reported that naphthalene was not positive. In phage

induction assays, naphthalene did not yield positive results. DNA damage assays with

naphthalene were not positive. Transformation assays were not positive.

Nitt_te. An oral RfD of 1.6 mg/kg/day, an LOAEL of 1.8 to 3.2 mg/kg/day, and an NOAEL

of 1.6 mg/kg/day were reported with an uncertainty factor of one. An uncertainty factor of 1

was employed because available data define the no-observed-adverse-effect level for the

critical toxic effect in the most sensitive human subpopulation.

Most cases of infant methemoglobinemia are associated with exposure to nitrate in drinking

q_, water used to prepare infants' formula at levels >20 mg/L of nitrate-nitrogen. Cases reported

at levels of 11-20 mg/L nitrate-nitrogen are usually associated with concomitant expostre to

bacteriologically contaminated water or excess intake of nitrate from other sources.

Bosch evaluated 139 cases of cyanosis due to methemoglobinemia reported by physicians in

Minnesota. All of the cases were in young children (ages 8 days to 5 months), with 90%

occurring in infants <2 months of age. A study of the nitrate concentration of the wells used

to supply water to the children with methemoglobinemia was performed. None of the wells

contained <10 mg/L nitrate-nitrogen. Two wells contained 10-20 mg/L, although the

diagnosis of methemoglobinemia was considered questionable in both these cases. There

were 25 wells that contained 21-50 mg/L, 53 that contained 51-100 mg/L, and 49 that

contained >100 mg/L nitrate-nitrogen. Nearly all the wells were shallow with inadequate

protection from surface contamination. Coliform organisms were detected in 45 of 51

samples tested for bacterial contamination.

Walton described a survey performed by the American Public Health Association to identify

clinical cases of infantile methemoglobinemia that were associated with ingestion of

nitrate-contaminated water. A total of 278 cases of methemoglobinemia were reported. Of
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214 cases for which data were available on nitrate levels in water, none occurred in infants

_, consuming water containing <10 mg nitrate-nitrogen/L (1.6 mg nitrate-nitrogen/kg/day).
There were 5 cases in infants exposed to 11-20 mg nitrate-nitrogen/L (1.8-3.2 mg/kg/day), 36

cases in infants exposed to 21-50 mg/L (3.4-8.0 mg/kg/day), and 173 in infants exposed to

>50 mg/L (>8 mg/kg/day). Data on the ages of the infants were not provided.

Comblath and Hartmann supplied nitrate-containing water to eight healthy infants (ages 2

days to 11 months) at doses of 50 or 100 mg NO3/kg/day (11 or 23

mgnitrate-nitrogen/kg/day). Assuming average consumption of about 0.16 L/kg/day, this

corresponds to concentrations of 70 or 140 mg nitrate-nitrogen/L. No cyanosis was evident in

any infant, and the highest concentration of methemoglobin was 7.5 percent. These authors

also administered doses of 100 mg/kg of nitrate to four healthy infants (age 2 days to 6

months) and to two infants (age 6 and 7 weeks) who had been admitted to the hospital for

cyanosis. No cyanosis was produced in the healthy infants, but cyanosis did occur in the

individuals with a prior history of cyanosis. Examination of the saliva, gastric juice and
stools of these infants revealed the presence of bacteria that readily reduced nitrate to nitrite.

The gastric pH of these infants was >4 in both cases.

Simon measured methemoglobin levels in 89 healthy infants who received nitrate-free water,
38 infants who received water containing 11-23 mg nitrate-nitrogen/L (1.8-3.7 mg

nitrate-nitrogen/kg/day), and 25 infants receiving water containing >23 mg nitrate-nitrogen/L

(>3.7 mg nitrate-nitrogen/kg/day). For infants age 1-3 months, mean methemoglobin levels in

these three groups were 1.0, 1.3 and 2.9 percent, respectively. For infants age 3-6 months,

values were 0.8, 0.8 and 0.7 percent, respectively. No clinical signs of methemoglobinemia

were detected in any of the infants.

Nitrate toxicity is due primarilyto its conversion to nitrite, which oxidizes the Fe(+2) form of

iron in hemoglobin to the Fe(+3) state. This compound (methemoglobin) does not bind

oxygen, resulting in reduced oxygen transportfrom lungs to tissues. Low levels of methemo-

globin occur in normal individuals,with typicalvalues usually ranging from 0.5 to 2.0

percent. However, due to the large excess capacity of blood to carryoxygen, levels of
methemoglobin up to around i0 percent arenot associatedwith any significant clinical signs.

Concentrationsabove 10 percent may cause a bluish color to skin and lips (cyanosis), while

values above 25 percent lead to weakness,rapidpulse and tachypnea. Death may occur if

methemoglobin values exceed 50-60 percent.
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Conversion of nitrate to nitrite is mostly mediated by bacteria in the gastrointestinal system.

Consequently, the risk of methemoglobinemia from ingestion of nitrate depends not only on
the dose of nitrate, but also on the number and type of enteric bacteria.

The Food and Drug Administration sponsored extensive tests of the reproductive and

developmental effects of NaNO3 and KNO3 in mice, rats, hamsters and rabbits. Fetuses were

delivered by Cesarean section and examined for visceral and skeletal malformations. No

significant effects were detected regarding maternal reproductive parameters (percent

pregnant, abortion frequency, number of litters), fetotoxicity (percent fetal resportions, live

fetuses per dam, average fetal weight) or fetal malformations up to the maximum doses

administered to each species. These studies identify a reproductive/developmental NOAEL of

66 mg nitrate-nitrogen/kg/day for mice and hamsters and 41 mg nitrate-nitrogen/kg/day for
rats and rabbits.

Sleight and Atallah studied the effects of nitrate on reproduction and development in guinea

pigs. Normal conception occurred at all dose levels. No significant effect on reproductive

performance was detected except in the high-dose group, where there was a decrease in

number of live births. The authors attributed the fetotoxic effects to hypoxia due to maternal

methemoglobinemia, although data on this were not provided. No fetal malformations were

observed at any dose. This study identifies a reproductive NOAEL of 507 and a LOAEL of

1130 mg nitrate-nitrogen/kg/day.

Druckrey supplied rats with NaNO2 in drinking water for three generations. No teratogenic

effects or adverse effects on reproduction were detected in any generation. Assuming that a

maximum of 10 percent of a dose of nitrate is converted to nitrite by an adult human, this

would correspond to a NOAEL of 200 mg nitrate-nitrogen/kg/day.

No studies were locatedon systemiceffectsof nitrate in humansor animals. In the absence

of such data, observationsfrom animalsexposedto nitrite may be used as a conservative
estimate of nitrate toxicity.

Shuval and Gruener exposed rats to watercontaining sodium nitrite. Histological examination

of the lungs revealed dilated bronchi, fibrosis and emphysema at 1000 ppm or above.

Histological examination of the heart revealed an increased percentage of coronary arteries

that were characterized as "thin and dilated." This effect appears to be at least partly due to

the absence of coronary artery thickening and narrowing that normally occurs in aged rats, so
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it is not certain that these changes are inherently adverse. Based on effects on the lung, this

_p, study identifies a NOAEL of 2 and a LOAEL of 20 mg nitrite-nitrogen/kg/day. Assuming
that a maximum of 10% of a dose of nitrate is converted to nitrite by an adult human,

this would correspond to a NOAEL of 20 and a LOAEL of 200 mg nitrate-nitrogen/kg/day.

The studies of Bosch and Walton provide convincing evidence that infantile methemoglobine-

mia does not occur at drinking water levels of 10 mg nitrate-nitrogen/L or less. This is

supported by a large number of additional epidemiological and case studies in humans (e.g.,

Cornblath and Hartmann; Simon; Toussaint and Selenka; Craun.

Polychlorinated Biphenyls (PCB). No assessmentfor noncarcinogeneffectsis available
at this time.

Although there are many studies, the data are inadequate due to confounding exposures or

lack of exposure quantification.

PCB mixtures assayed in the following animal studies were commercial preparations and may

not be the same as mixtures of isomers found in the environment. Although animal feeding

_, studies demonstrate the carcinogenicity of commercial PCB preparations, it is not known

which of the PCB congeners in such preparations are responsible for these effects, or if

decomposition products, contaminants or metabolites are involved in the toxic response.
Numerous animal studies with PCBs have been conducted.

Most genotoxicity assays of PCBs have been negative. Peakall reported results indicative of a

possible clastogenic action by PCBs in dove embryos.

The Oral Slope Factor is 7.7/mg/kg/day.

Phenol- 108-95..2. The oral RfD for phenol is 6 x 10"1based on animal studies.

The evaluations of subchronic, chronic and reproductive/developmental studies indicated that

phenol administered to pregnant rats at 120 mg/kg/day caused significant depression in fetal

body weights, establishing this endpoint as the critical effect. Therefore, it is inappropriate to

use NOAELs of 140 mg/kg/day for mice or 153 mg/kg/day for rats. The LOAEL for

fetotoxicity was established at 120 mg/kg/day and the highest NOAEL at 60 mg/kg/day.
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The health effects data for phenol have been reviewed by the U.S. EPA RfD/RfC Work

_, Group and determined to be inadequate for derivation of an inhalation RfC.

Phenol is a Class D carcinogen based on no human carcinogenicity data and inadequate

animal data. In carcinogenicity bioassays conducted by the National Cancer Institute conclud-

ed that, under these conditions, phenol was not carcinogenic in mice or rats.

Studiesindicatethat phenolmay be a promoterand/orweak skin carcinogenin specially
inbred sensitivemouse strains.

Selenium end Compounds. Theoral RfD for seleniumis 5 x 10"3mg/kg/day.

Although this is based on a human epidemiological study in which a sizable population with

sensitive subpopulations was studied, there are still several possible interactions that were

not fully accounted for, e.g., fluoride intake and protein status. Also, except for clinical signs
of selenosis there are no other reliable indicators, biochemical or clinical, of selenium

toxicity. Confidence in the data base is high because many animal studies and epidemiologic

studies (reviewed by Combs) support the principal study. An additional human study with a

_, freestanding NOAEL strongly corroborates the NOAEL identified in the principal study.
Therefore, high confidence in the RfD is selected based upon support of the critical study

and the high level of confidence in the data base.

Selenium is a Class D carcinogen based on inadequate human data and inadequate evidence

of carcinogenicity in animals. The evidence for various selenium compounds in animals and

mutagenicity studies is conflicting and difficult to interpret; however, evidence for selenium

sulfide is sufficient for a B2 (probable human carcinogen) classification

Data on the potential carcinogenicity of selenium and various selenium compounds in

humans are inadequate. Epidemiological studies have evaluated selenium in blood and

cancer death rates in areas of high vs. low naturally-occurring selenium. However, these

studies have limited value because they do not assess specific selenium compounds or

correlate exposure with cancer risk.

Sliver. An RfD of 5 x 10"3mg/kg/day and an LOAEL of 0.014 mg/kg/day were reported

with and uncertainty factor of 3. An uncertainty factor of 3 is applied to account for minimal

_' effects in a subpopulation which has exhibited an increased propensity for the development of
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argyria. The critical effect observed is a cosmetic effect, with no associated adverse health

effects. Also, the critical study reports on only 1 individual who developed argyria following

an i.v. dose of 1 g silver (4 g silver arsphenamine). Other individuals did not respond until

levels five times higher were administered. No uncertainty factor for less than chronic to

chronic duration is needed because the dose has been apportioned over a lifetime of 70 years.

The critical effect in humans ingesting silver is argyria, a medically benign but permanent

bluish-gray discoloration of the skin. Argyria results from the deposition of silver in the

dermis and also from silver-induced production of melanin. Although silver has been shown

to be uniformly deposited in exposed and unexposed areas, the increased pigmentation

becomes more pronounced in areas exposed to sunlight due to photoactivated reduction of the

metal. Although the deposition of silver is permanent, it is not associated with any adverse

health effects. No pathologic changes or inflammatory reactions have been shown to result

from silver deposition.

Silver compounds have been employed for medical uses for centuries. In the nineteenth and

early twentieth centuries, silver arsphenamine was used in the treatment of syphiUis; more

recently it has been used as an astringent in topical preparations. While argyria occurred

_, more commonly before the development of antibiotics, it is now a rare occurrence. Greene

and Su have published a review of argyria.

Gaul and Staud reported 70 cases of generalized argyria following organic and colloidal silver

medication, including 13 cases of generalized argyria following intravenous silver arsphena-

mine injection therapy and a biospectrometric analysis of 10 cases of generalized argyria

classified according to the quantity of silver present. In the i.v. study, data were presented for

10 males (23-64 years old) and for two females (23 and 49 years old) who were administered

31-100 i.v. injections of silver arsphenamine (total dose was 4-20 g) over a 2- to 9.75-year

period. Argyria developed after a total dose of 4, 7 or 8 g in some patients, while in others,

argyria did not develop until after a total dose of 10, 15 or 20 g. In the biospectrometric

analysis of skin biopsies from 10 cases of generalized argyria, the authors confirmed that the

degree of the discoloration is directly dependent on the amount of silver present. The authors

concluded that argyria may become clinically apparent after a total accumulated i.v. dose of

approximately 8 g of silver arsphenamine.

Humansare exposedto small amountsof silver from dietary sources. The oral intakeof
_' silverfrom a typicaldiet has been estimatedto range from27-88 ug/day. Tiptonestimateda
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lesser intake of 10-20 ug/day in two subjects during a 30-day observation period. Over a

lifetime, a small but measurable amount of silver is accumulated by individuals having no

excessive exposure. Gaul and Staud estimated that a person aged 50 years would have an

average retention of 0.23-0.48 g silver (equivalent to 1-2 g silver arsphenamine). Petering

estimated a much lower body burden of 9 mg over a 50-year period based on estimated

intake, absorption, and excretion values; however, it is not clear how the final estimate was

calculated. Furchner studied the absorption and retention of ingested silver (as silver nitrate,

amount not specified) in mice, rats, monkeys and dogs. In all four species, very little silver

was absorbed from the GI tract. Cumulative excretion ranged from 90 to 99 percent on the

second day after ingestion, with <1 percent of the dose being retained in <1 week in

monkeys, rats and mice. Dogs had a slightly greater retention. The authors used the data

from the dog to estimate how much silver ingested by a 70 kg human would be retained. An

"equilibrium factor" of 4.4 percent was determined by integrating from zero to infinity a

retention equation which assumes a triphasic elimination pattern for silver with the initial

elimination of 90 percent coming from the dog data. The first elimination half-time of 0.5

days was used "arbitrarily"; subsequent half-times of 3.5 days and 41 days were taken from a

metabolic study by Polachek. Furchner considered their calculated equilibrium factor of 4.4

percent to be a conservative estimate for the amount of silver which would be retained by a

70 kg human. This figure was rounded to 4 percent and was used in the dose conversion (i.v.

dose converted to oral intake) for the calculation of the RfD.

Argyria, the critical effect upon which the RfD for silver is based, occurs at levels of

exposure much lower than those levels associated with other effects of silver. Argyrosis,

resulting from the deposition of silver in the eye, has also been documented, but generally

involves the use of eye drops or make-up containing silver. Silver has been found to be

deposited in the cornea and the anterior capsule of the lens. The same deposition pattern was

seen in the eyes of male Wistar rats following administration of a 0.66 percent silver nitrate

solution to the eyes for 45 days. No toxicological effects were reported.

Toxic effects of silver have been reported primarily for the cardiovascular and hepatic

systems. Olcott administered 0.1 percent silver nitrate in drinking water to rats for 218 days.

This exposure (about 89 mg/kg/day) resulted in a statistically significant increase in the

incidence of ventricular hypertrophy. Upon autopsy, advanced pigmentation was observed in

body organs, but the ventricular hypertrophy was not attributed to silver deposition.
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Hepatic necrosis and ultrastructural changes of the liver have been induced by silver adminis-

_, tration to vitamin E and/or selenium deficient rats.

Investigators have hypothesized that this toxicity is related to a silver-induced selenium

deficiency that inhibits the synthesis of the seleno-enzyme glutathione peroxidase. In animals

supplemented with selenium and/or vitamin E, exposures of silver as high as 140 mg/kg/day

(100 mg Ag/L drinking water) were well-tolerated.

The critical human study rates a medium confidence. It is an old study which offers fairly

specific information regarding the total dose of silver injected over a stated period of time.

One shortcoming of the study is that only patients developing argyria are described; no

information is presented on patients who received multiple injections of silver arsphenamine

without developing argyria. Therefore, it is difficult to establish a NOAEL. Also, the

individuals in the study were being treated for syphilis and may have been of compromised
health.

Confidence in the data base is considered to be low because the studies used to support the

RfD were not controlled studies. For clinical case studies of argyria it is especially difficult

_, to determine the amount of silver that was ingested.

Confidence in the RfD can be considered low-to-medium because, while the critical effect has

been demonstrated in humans following oral administration of silver, the quantitative risk

estimate is based on a study utilizing intravenous administration and thus necessitates a dose

conversion with inherent uncertainties.

Silver is classified as a class D carcinogen. In animals, local sarcomas have been induced

after implantation of foils and discs of silver. However, the interpretation of these findings

has been questioned due to the phenomenon of solid-state carcinogenesis in which even

insoluble solids such as plastic have been shown to result in local fibrosarcomas.

No evidence of cancer in humans has been reported despite frequent therapeutic use of the

compound over the years.

Animal carcinogenicity is inadequate. Local sarcomas have been induced after subcutaneous

(s.c.) implantation of foils and discs of silver and other noble metals. Furst (1979, 1981),

however, cited studies showing that even insoluble solids such as smooth ivory and plastic
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result in local fibrosarcomasand thattin whencrumbledwill not. He concludedthat i.p. and

s.c. implantsare invalid as indicatorsof carcinogenicitybecausea phenomenoncalled
solid-statecarcinogenesismaycomplicatethe interpretationof the cause of these tumors. It is

difficult to interpretthese implantationsite tumors in laboratoryanimalsin terms of exposure

to humansvia ingestion. Withinthese constraintsthere are two studiesgiven belowin which
silver per se appearedto induceno carcinogenicresponse.

Schmahl and Steinhoff reported, in a study of silver and of gold, that colloidal silver injected

both i.v. and s.c. into rats resulted in tumors in 8 of 26 rats which survived longer than 14

months. In 6 of the 8, the tumor was at the site of the s.c. injection. In about 700 untreated

rats the rate of spontaneous tumor formation of any site was 1 to 3 percent. No vehicle
control was reported.

Furst and Schlauder evaluated silver and gold for carcinogenicity in a study designed to avoid

solid-state carcinogenesis. The authors mentioned the existence of spontaneous tumors in

Fischer rats, but reported only injection site tumors. They concluded that finely divided silver
powder injected i.m. does not induce cancer.

No evidence of the mutagenicity of silver was shown in two available studies. Demerec

studied silver nitrate for the possible induction of back-mutations from streptomycin depen-

dence to nondependence in Eschericha coli. Silver nitrate was considered nonmutagenic in

this assay.

Nishioka screened silver chloride with other chemicals for mutagenic effects using a method

called the rec-assay. Silver chloride was considered nonmutagenic in this assay.

Styrene. Styrene may change in the near future pending the outcome of a further review

now being conducted by the Oral RfD Work Group.

An oral RID of 0.2 mg/kg/day, an NOAEL of 200 mg/kg/day, and an LOAEL of 400

mg/kg/day were reported with an uncertainty factor of 1000. The uncertainty factor of 1000

reflects 10 for both intraspecies and interspecies variability to the toxicity of this chemical in

lieu of specific data, and 10 for extrapolation of subchronic effects to chronic effects.

Four beagle dogs/sex were gavaged with doses of styrene in peanut oil. No adverse effects

were observed for dogs administered styrene at 200 mg/kg/day. In the higher dose groups,
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increased numbers of Heinz bodies in the RBCs, decreased packed cell volume, and sporadic

_p, decreases in hemoglobin and RBC counts were observed. In addition, increased iron
deposits and elevated numbers of Heinz bodies were found in the livers. Marked individual

variations in blood cell parameters were noted for animals at the same dose level. Other

parameters examined were body weight, organ weights, urinalyses, and clinical chemistry.

The NOAEL in this study is 200 mg/kg/day and the LOAEL is 400 mg/kg/day.

Long-term studies in rats and mice showed liver, kidney, and stomach lesions for rats and no

significant effects for mice. Rats receiving a low average daily oral dose of styrene showed

no adverse effects, while those receiving higher doses showed reduced growth and increased

liver and kidney weights. Other subchronic rat feeding studies found LOAELs in the 350-500

mg/kg/day range and NOAELs in the range of 100-400 mg/kg/day.

The principal study is well done and the effect levels seem reasonable, but the small number

of animals/sex/dose prevents a higher confidence than medium at this time. The data base

offers strong support, but lacks a bona fide full-term chronic study; thus, it is also considered
to have medium confidence.

A risk assessment for this substance/agent is under review by an EPA work group.

Tetrachloroethylene (PCE). An oral RfD of 0.001 mg/kg/day, an NOAEL of 14

mg]kg/day, and an LOAEL of 71 mg/kg/day with an uncertaintyfactor of 1000. The

uncertainty factor of 1000 results from multiplying factorsof 10 to accountfor intraspecies

variability, interspeciesvariability andextrapolationof a subchroniceffect level to its chronic

equivalent.

Buben and O'Flaherty exposed Swiss-Cox mice to tetrachloroethylene in corn oil by gavage.

Liver toxicity was evaluated by several parameters including liver weight/body weight ratio,

hepatic triglyceride concentration, DNA content, histopathological evaluation, and serum

enzyme levels. Increased liver tfiglycerides were first observed in mice treated with 100

mg/kg. Liver weight/body weight ratios were significantly higher than controls for animals

treated with 100 mg/kg. At higher doses, hepatotoxic effects included decreased DNA

content, increased SGPT, decreased levels of G6P and hepatocellular necrosis, degeneration

and polyploidy.
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A NOEL of 14 mg/kg/day was established in a second study, as well. Groups of 20

,_, Sprague-Dawley rats of both sexes were administered doses of PCE in drinking water. Males

in the high-dose group and females in the two highest groups exhibited depressed body

weights. Equivocal evidence of hepatotoxicity (increased liver and kidney weight/body

weight ratios) were also observed at the higher doses.

Other data support the findings of the principal studies. Exposure of mice and rats to

tetrachloroethylene by gavage for 11 days caused hepatotoxicity (centrilobular swelling) at
doses as low as 100 mg/kg/day in mice. Mice were more sensitive to the effects of tetrachlo-

roethylene exposure than rats. Increased liver weight was observed in mice at 250 mg/kg,

while rats did not exhibit these effects until doses of I000 mg/kg/day were reached. Relative

sensitivity to man cannot be readily established but the RfD of 1E-2 mg/kg/day is protective

of the most mild effects observed in humans [diminished odor perception/modified Romberg

test scores in volunteers exposed to 100 ppm for 7 hours; roughly equivalent to 20

mg/kg/day].

The principal studies are of short duration. Inhalation studies have been performed which

indicate that the uncertainty factor of 10 is sufficient for extrapolation of the subchronic effect

to its chronic equivalent. Liver enlargement and vacuolation of hepatocytes were found to be

reversible lesions for mice exposed to low concentrations of tetrachloroethylene. In addition,

elevated liver weight/body weight ratios observed in animals exposed to tetrachloroethylene

for 30 days were similar to those in animals exposed for 120 days. Several chronic inhalation

studies have also been performed. None are inconsistent with a NOAEL of 14 mg/kg/day for

tetrachloroethylene observed by Buben and O'Flaherty and Hayes.

No one study combines the features desired for deriving an RfD: oral exposure, large number

of animals, multiple dose groups, testing in both sexes and chronic exposure. Confidence in

the principal studies is low mainly because of the lack of complete histopathological

examination at the NOAEL in the mouse study. The data base is relatively complete but

lacks studies of reproductive and teratology endpoints subsequent to oral exposure; thus, it

receives a medium confidence rating.

Male Swiss-Cox mice were administered tetrachloroethylene by gavage weeks. Liver toxicity

was evaluated by several parameters including liver weight-to-body weight ratio, hepatic

triglyceride concentrations, DNA content, histopathological evaluation and serum enzyme

_w' levels. Increased liver triglycerides were first observed in mice treated with 100 mg/kg.

_twr_13_*_awoT-zT-gm E-64



Liver weight/body weight ratios were significantly higher than controls for the 100 mg/kg

group, and slightly higher than controls in the 20 mg/kg group. A NOAEL of 20 mg/kg/day
was identified based on the absence of hepatotoxic effects. After 5 days of exposure, a
NOAEL of 20 mg/kg/day was identified.

Toluene. The oral RfD for toluene is 2 x 10"1 mg/kg/day based on studies with rats.

An uncertainty factor of 1000 was applied to account for inter- and intraspecies extrapola-

tions, for subchronic-to-chronic extrapolation and for limited reproductive and developmental

toxicity data.

Several subchronic and chronic inhalation studies have been performed on toluene but are not

considered to be suitable for deriving an oral RfD.

Confidence in the principal study is high because a sufficient number of animals/sex were

tested in each of six dose groups (including vehicle controls) and many parameters were

studied. The same protocol was tested in both mice and rats, with rats being identified as the

more sensitive species.

Toluene is a Class D carcinogen based on human data and inadequate animal data. Toluene

did not produce positive results in the majority of genotoxic assays.

1,1,1-Trichloroethane. No referencedose is availablefor 1,1,1-Trichloroethane(1,1,1-

TCA). A risk assessmentfor this substance/agentis underreviewby an U.S. EPA work
group.

1,1,1-Trichloroethane is classified as a class D carcinogen. There are no reported human data

and animal studies (one lifetime gavage, one intermediate-term inhalation) have not demon-

strated carcinogenicity. Technical grade 1,1,1-trichloroethane has been shown to be weakly

mutagenic, although the contaminant, 1,4-dioxane, a known animal carcinogen, may be

responsible for this response.

The NCI treated Osborne-Mendel rats (50/sex/dose) with two concentrations of

1,1,1-trichloroethane 5 times/week for 78 weeks by gavage. Low survival of both male and

female treated rats (3 percent) may have precluded detection of a significant number of

tumors late in life. Although a variety of neoplasms was observed in both treated and
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matchedcontrolrats,theywerecommonto agedratsandwerenotdose-related.Similar
resultswereobtainedwhenthe NCItreatedB6C3F1hybridmicewiththe time-weighted
averagedosesof 1,1,1-trichloroethaneby gavage5 days/week for78 weeks. Survivalwas
only20 to 40 percent.A varietyof neoplasmswereobservedin treatedgroups,butthe
incidencedidnotvarysignificantlyfromthe controls.

Quast exposed 96 Sprague-Dawleyrats of both sexes to 1,1,1-TCA vapor. There was an

increase in incidence of focal hepatocellular alterations in female rats at the highest dosage.

The chemical failed to produce chromosomal aberrations in the bone marrow of cats, but

responded positively in a cell transformation test with rat embryo cells.

An isomer, 1,1,2-trichloroethane, is carcinogenic in mice, inducing liver cancer and pheochro-

mocytomas in both sexes.

A HAONE of 1 x 102 mg/L and a NOAEL of 1400 mg/kg/day have been reported with an

uncertainty factor of 100 that allows for interspecies and intrahuman variability with the use

of a NOAEL from an animal study, and the assumption that a 10-kg child consumes 1L/day

of water. Longer-term results report a HAONE OF 4 x 101 mg/L and a NOAEL of 350
mg/kg/day, also with an uncertainty factor of 100.

Rats were administered 1,1,1-trichloroethaneby gavage. At levels above 0.5 g/kg reduced

body weight gain and CNS effects were observed. Approximately 35 percent of these rats

died during the fhst 50 days of the study. Also, the 5.0 g/kg/day dose group showed an

increase in serum enzyme levels. The 0.5 g/kg/day level is identified as the NOAEL for this

study. Based on a 7-day per week dosing regimen, this level would be equivalent to 350

mg/kg/day.

A longer-term (Adult) HA of 1 x 102mg/L and a NOAEL of 350 mg/kg/day with an uncer-

tainty factor of 100 assuming a 70-kg adult consumes 2 L of water/day. In a study by
Bruckner lifetime HA of 2 x 10"1mg/L was reported.

McNutt continually exposed male mice to 1,1,1-trichloroethane via inhalation at various

levels. Animals exposed to 5,460 mg/m3 displayed significant changes in the centrilobular

hepatocytes. Based on the conditions of exposure and an assumed absorption rate of 30

percent, the LOAEL of 1,365 mg/m3 is equivalent to 35 mg/kg/day.
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No information is available on the organoleptic properties of 1,1,1-trichloroethane. Treatment

technologies which will remove 1,1,1-trichloroethane from water include granular activated
carbon adsorption and boiling. Air stripping is also an effective method; however, this

process transfers the contaminant directly to the air stream.

1,1,1-Trichloroethaneis a list "C" Pesticide.

The final RQ is based on aquatic and chronic toxicity. Available data indicate a 96-hour

Median Threshold Limit between 10 and 100 ppm, which corresponds to an RQ of 1000

pounds. RQ assignments based on chronic toxicity reflect two primary attributes, the

minimum effect dose (MED) levels for chronic exposure (mg/day for 70-kg man) and the

type of effect (teratogenicity, etc.). The composite score of these attributes for this substance

is 6.0, corresponding to an RQ of 1000 pounds.

Trichloroethylene. A risk assessment for the oral and inhalation RfDs of this sub-
stance/agent is being evaluated by the EPA work group.

Trichloroethylene is classified as a class B2 carcinogen due to insufficient data for human

carcinogenicity and sufficient data on animal carcinogenicity.

No experiments were reported for this compound.

Vanadium. A risk assessmentfor the oral RfDof this substance/agentis underreviewby

an EPA work group.

No experimentswere reported for vanadium.

Both chronic and subchronic oral RIDs for vanadium were reported as 7 x 10"3 in the Health

Effects Assessment Summary Tables (HEAST).

Vinyl Chloride. A risk assessment for the oral and inhalation RfDs of this substance/agent

is under review by an EPA work group.

No experiments were reportedfor vinyl chloride.
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An oral RID of 1.9 mg/kg/day and an inhalation RfD of 8.4 x 10-5 g/m 3 were reported in

the Health Effects Assessment Summary Tables (HEAST). Vinyl chloride is listed as a class

A human carcinogen.

Xylenes. TheoralRfD is 2 mg/kg/daybasedon studieswith rats.

Groupsof rats were given gavage doses of 0, 250, or 500 mg/kg/day (rats)and 0, 500, or

1000 mg/kg/day (mice) for 5 days/week for 103 weeks. There was a dose-related increased

mortalityin male rats, and the increase was significantly greaterin the high-dose group

comparedwith controls. Althoughincreased mortalitywas observed at 250 mg/kg/day,the

increase was not significant. Mice given the high dose exhibited hyper-activity,a manifesta-

tion of CNS toxicity. There were no compound-relatedhistopathologic lesions in any of the
treated rats or mice.

Xylenes are Class D carcinogens based on a orally administered technical xylene mixtures did

not result in significant increases in incidences in tumor responses in rats or mice of
both sexes.

_, Zinc and Compounds. A riskassessmentfor this substance/agentis underreviewby an
U.S. EPA work group.

Zinc is a Class D carcinogens based on inadequate evidence in humans and animals.

There are no reports on the possible carcinogenicity of zinc and compounds per se in

humans. Case studies have been used to evaluate the effects of zinc administered for

therapeutic reasons. There are reports which compare zinc levels in normal and cancerous

tissue. Studies of occupational exposure to zinc compounds have also been conducted, but

have limited value because they do not correlate exposure with cancer risk.

In a 1-year mouse study, zinc was administered in drinking water and the diet. None of these

tumor incidences were significantly elevated in a statistical analysis of this data performed by

the EPA. Guthrie performed a study of intratesticular injection of zinc. No conclusions

about the carcinogenicity of the test zinc compounds could be made because an insufficient

number of chickens were tested. Halme exposed tumor-resistant and tumor-susceptible strains

of mice to zinc in drinking water. The tumor frequencies were higher than the spontaneous

_, frequency, although no statistical analyses were reported.
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E.4.0 Toxicity Profiles for Essential Nutrients and Water
Quafity Parameters

Calcium. Acute single ingestions of calcium salts may product mild gastrointestinaldistress;

calcium chloride is more irritatingand may cause hemorrhage. Hypercalcemia or other

toxicity has not been reportedfrom acute ingestion. Chronicingestion of calcium carbonate

may cause hypercalcemia,alkalosis, and renal impairment.

Chronicadministrationof 4 to 60 gramsper day of calcium carbonatefor 2 to 60 days has

produced the "milk-alkali" syndrome. Chronic renal failure patientson hemodialysis may

develop hypercalcemiawith lower amounts.

No toxicity values (e.g., RfD, MCL) are available for calcium.

Iron. Exposure to iron may result in vomiting, diarrhea,minorlethargy,and hyperglycemia.

More severe exposure may result in stupor,shock, acidosis, hematemesis, bloody diarrhea,or
coma. No toxicity values areavailable for iron.

Magnesium. Hypermagnesiumemialeads to hypotension,ECG changes, and impairmentof

neuromusculartransmission. Magnesiumdustcan irritate the eyes and mucous membranesof

the upperrespiratorytract causingatrophic nasopharyngitis.

Insufficientdata exists in the literatureto assess the range of toxicity following acute

overdose. In hypomagnesiumemia,2 to 4 g/day may be toleratedorally.

No toxicity values areavailable for magnesium.

Potassium. Toxicity from oral ingestion of potassium salts is slight because potassium is

readily excreted in the urine. In overdose situations,symptomsmay range from vomiting and

diarrhea,through listlessness and muscular cramps,to hypotensionand arrhythmias.

No toxicity values are available for potassium.
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Sodium. Deathhas followedthe use of sodiumchlorideas an emetic. Symptomsmay
_, includevomiting,diarrhea,restlessness,thirst,dizziness,headache,convulsions,coma,

tachycardia,hypotension,andrespiratoryarrest.

One level tablespoon(17.85grams)is approximately305 mEq of sodium,and if retained,

wouldraise serumlevels by 30.5 mEq/L in a 3-year-oldchild (estimating10 L of extracellu-
lax fluid volume).

Central nervous system symptoms are common above 150 to 160 mEq/L. At these levels
there is a 10 percent chance of convulsions which increases when levels reach 160 to 185

mEq/L. Death is a frequent occurrence above 185 mEq/L. An ingestion of 0.5 to 1 g/kg will
be toxic in most patients.

No toxicityvalues are availablefor sodium.

Sodium Bicarbonate. Exposure to sodium bicarbonate may result in metabolic abnormali-

ties, hypernatremia,hypokalemia,hypochloremia,alkalosis,andhypocalcemia.Dizziness,
weakness,irritability,andmentalstatuschangesmaybe initialsymptomsof alkalosisor
hypernatremia. Progressive obtundation, coma, and seizures may occur in severe toxicity.

Alkalosis has occurred after one tablespoonful in a young infant. Much larger amounts are

needed to cause hypernatremia (10 to 20 g/kg). Adults with normal renal function can

tolerate up to 1,700 mEq daily with minimal symptoms (HSDB, 1992).

No toxicity values (e.g., RID) are available for bicarbonate.

SodiumChloride. Aningestionof 0.5 to 1 g/kgcanbe toxicto mostpatients.Gastric
mucosalirritationwithvomitingandgastrointestinalulceration(gastricmucosa,esophagus,
duodenum)hasbeenreported.Initially,theskinlosesits turgor,themucousmembranes
becomedry, and themusclesweaken;thereis increasedthirstanddecreasedappetite.With
dehydrationcomesa risein bodytemperatureanda metabolicacidosis. In babies,the
anteriorfontanellebecomesflat. Thebrainvolumedecreasesrapidly,leadinginitiallyto an
increaseandthena decreasein deeptendonreflexes,musclerigidity,an increasein irritabili-
ty, lethargy,opisthotonos,seizures,coma,anddeathresultingfromcirculatorycollapseor
CNSdamage. If thepatientsurvives,theremaybe residualneurologicdamage(HSDB,
1992).
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No toxicity values (e.g., RfD) are available for chloride.

Sodium Fluoride. Following ingestion, sodium fluorideprobablyreacts with gastric acid to

produce highly corrosive HF that causes nausea, vomiting, diarrhea,abdominalpains, and

acute hemorrhagicgastroenteritisfollowing massive overdose.

In most instances, gastrointestinalsigns and symptomspredominate the clinical scene. The
minimum toxic or lethal dose is not well established in the literaua'e and wide variations in

the response to a given dose among different individuals are noted.

Accidental ingestion of sodium fluoride by children usually does not present serious risk if

the amount of fluoride ingested is less than 5 mg/kg.

Prenatal fluoride supplementation (2.2 mg NaF or 1 mg fluoride daily) during the last two

trimesters of pregnancy has been reported to be safe (HSDB, 1992).

No toxicity values (e.g., RfD) are available for fluoride.

Sodium Sulfide. Saline cathartics, such as sodium sulfate, are poorly absorbed from the

gastrointestinal tract hence, systemic toxicity is unlikely unless massive amounts have been

ingested. Nausea, vomiting, abdominal pain, and diarrhea are frequent findings. Severe

diarrhea may result in excessive fluid and electrolyte loss (HSDB, 1992).

A minimal lethal or toxic dose has not been established in the literature and no toxicity values

(e.g., RfD) are available for sulfate.
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F. 1.0 Introduction

As part of the remedial investigation (RI) at Naval Air Station (NAS) Moffett Field (Moffett

Field), hydraulic properties of subsurface water-bearing materials were determined through

analysis of pump test data collected at two sites within Operable Unit 4 (OU4). These sites
were:

• Site 8 - Waste Oil Transfer Area
• Site 9 - Old Fuel Farm and Old NEX Gas Station.

This report addresses pump testing conducted at Sites 8 and 9. Chapter F.1.0 presents the

scope and objectives of the OU4 pump tests. Chapter F.2.0 describes the analysis methods

and provides an overview of the theoretical basis for the methods used. Chapter F.3.0

provides a description of the general field approach. Results of the pump test analysis are

presented in Chapter F.4.0, which is organized by site.

Also presented in this appendix are eight attachments. Attachments I through V present the

water level field data collected during each pumping and recovery test. The data contained in
these attachments are as follows:

• Attachment I - Pump Test 7, Site 8
• Attachment II - Pump Test 1, Site 9
• Attachment Ill - Pump Test 3, Site 9
• Attachment IV - Pump Test 5, Site 9
• Attachment V - Pump Test 8, Site 9.

Attachment VI contains boring logs for the piezometers and pumping wells installed during

the investigation. Attachment VII contains soil consolidation results, and Attachment VII/

contains groundwater analytical results.

A single test (Pump Test 7) was conducted at Site 8. Four tests (Pump Tests 1, 3, 5, and 8)

were conducted at Site 9. The locations of Sites 8 and 9 and their associated pump tests are

shown in Figure FI-1. Pump Tests 5 and 8 included separate pumping sessions at two wells

per test. The pump test numbering sequence is based on the order in which the tests are

presented in the "Final Aquifer Test Plan" (IT, 1991a). A generalized cross section showing

the screened intervals for observation points (monitoring wells and new piezometers) and the
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pumpingwellsis providedin FigureF1-2. InFigureF1-2,twowellslabeledFF9-1andPT9-

2 arelarge-diameterwellsinstalledduringthefieldinvestigationproceedingtheaquifertest.

Pump Tests 2, 4, and 6 were conductedas part of OperableUnit 5 (OU5)activitiesand will
be addressedin a separatereport. These sites are:

• Site 4 - Former WastewaterHoldingPonds
• Site 5 - Old Fuel Farm Area.

Scope and Objectives. The pump tests addressed in this report were conducted in the A1-

and A2-aquifer zones. These zones comprise the most shallow saturated materials present at

Moffett Field. Groundwater contamination in the western portion of Moffett Field (OU4) is

mainly restricted to the A1- and A2-aquifer zones.

Pump testing was conducted to provide quantitative estimates of the hydraulic properties of

the A1- and A2-aquifer zones and of the intervening ALIA2 aquitard. These properties
include transmissivity, hydraulic conductivity, and storativity. In addition, the pump tests
were conducted to:

_, * Establish the extent of hydraulic interconnection within the zones of the A1- and
A2-aquffer zones

• Provide additional characterization of lateral and vertical groundwater flow paths

• Provide data concerning the presence of recharge zones and impermeable
boundaries

• Classify the hydraulic conditions within the A1- and A2-aquifer zones as con-
freed, semiconfmed, or unconfined.

These objectives were chosen to provide data needed for the baseline risk assessment, fate

and transport modeling of groundwater contaminants, and for use in evaluating remedial
alternatives.
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F.2.0 Analytical Methods

Pump test data are analyzed to obtain estimates of hydraulic parameters and to establish the

presence of recharge and impermeable boundaries. Analyses are made by plotting drawdown

versus time on log-log or semilog paper and applying either graphical curve matching or

mathematical treatment to the data. Several methods are applicable to pump test data

depending on whether the aquifer is confined, unconfined, fractured, or may receive leakage

from another aquifer.

Data analysis presented in this appendix was performed using AQTESOLV (Geraghty &

Miller, 1989). AQTESOLV is an interactive computer software package capable of imple-

menting a variety of aquifer models through a nonlinear least squares technique in which

hydraulic parameters are estimated from observed data. Alternatively, the observed data can

be graphically matched to theoretical-type curves. AQTESOLV incorporates analytical

solutions for unsteady flow to a well using the methods developed by Theis (1935), Cooper-
Jacob (1946), Hantush-Jacob (1955), Hantush (1960), and Cooper, et al. (1967). Aquifer

parameter estimations are performed numericallyby utilization of the Gauss-Newton lineariz-

ation method. This method minimizes errors between observed and estimated values by

_' truncating the Taylor series after the fn'st differential form and adding a Marquardt correction

factor where the Gauss-Newton method fails to converge.

Portionsof the aquitardanalysiswere performedusingtechniquesdescribedby Neumanand
Witherspoon(1969).

Drawdowns in several monitoring wells and piezometers were analyzed using a method for

unconfined aquifers (Neuman, 1975). As will be discussed in Chapter F.4.0, the data were

not well represented by the Neuman model. Therefore, background and results from the

Neuman method are not included in this report.

The Theis (1935) equation and the Cooper-Jacob (1946) approximationto the Theis equation

represent unsteady radial flow to a well in a confined aquifer. The following conditions are
assumed:

• Aquifer is of infinite areal extent.
• Aquifer is homogeneous, isotropic, and of uniform thickness.
• Potentiometric surface is initially horizontal.
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• Pumping rate is constant.
"_" • Pumping well is fully peneu'ating.

• Water is released instantaneously from storage with decline in hydraulic head.
• Well storage is negligible.

Storage calculated from the Theis, Jacob-Hanmsh,Hanmsh,Cooper et al., and Cooper-Jacob

solutions do not apply underconditions where delayed yield occurs, and may underestimate

the actual yield duringgravity drainage. However, the storage coefficients obtained are valid

for the portionsof the responsecurve duringwhich the behaviorfollows the type curve.
Pump tests were conductedover approximatelya 24-hourperiod and, as discussed in Chapter

F.4.0, the Theis solution did not account for delayed yield. As shown in ChapterF.4.0, all of

the aquifer zones areclassified as semiconfined with storagecoefficients on the orderof 7.7

x 104 to 2.35 x 10"3. Unconfined aquiferstypically exhibit storage coefficients of 0.1 to

0.001 (Freeze and Cherry,1979). Data interpretationindicatedthat for severalof the pump

tests, the duration may have not been sufficient for the drawdownresponsecurve to return to

theoretically ideal behavior. Therefore, the storage values reported in this documentmay not
take into account all delay yield effects.

The Cooper-Jacobapproximationmethod is considered valid for well function argumentsless
than 0.01. This condition is met when the separationbetween pumpingand monitoringwells

is small and for extendedpumping times.

The Hanmsh-Jacob method for unsteady flow to a well in a semiconfined aquifer incorporates

the assumptions of the Theis equation with the following modifications:

• Aquitardsare of infinite areal extent with uniformthickness and vertical hydrau-
lic conductivity.

• Flow in the aquitardsis vertical.
• Aquitardsare bounded by infinite constant head boundaries.,
• Aquitardstorativity is zero.

Hantush and Jacob developed a dimensionless variable, fiB, to quantify relative leakage from

an aquitard. The term r/B is part of the well function (Walton, 1960) for wells screened in

leaky aquifers and is related to the radial distance from the pumped well (r), the thickness of

the aquifer and aquitard,and the hydraulicconductivitiesof the aquitardand aquifer. If the

aquitard is impermeable, the Hanmsh-Jacob solution reduces to the Theis solution when r/B
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equals zero. These assumptions are also applied in the Hantushmethod for semiconfined

aquifers with the exception that aquitardstorage is assumed homogeneous and nonzero.

Pump test dataobtainedfrom monitoringwells and piezometerswere evaluated using one of

the aforementionedtechniques. Observed drawdowndata versustime were plottedon log-log
scale and examined for deviation from the master Theis curve. D_viation from the theoretical

curve was evaluated to determine the choice of an appropriatemodel. Flattening of the

response curve indicated recharge,and a leaky model was applied. Over steepeningof the

response curve indicated diminishing yield and suggestedeither an impermeable boundaryor

lateralthinningof the aquifer unit. In some cases, data could not be matched to model

generatedcurves. In these instances,deviations from the Theis curve were explained in terms

of recharge boundaries,changes in aquifergeometry, or variation of hydraulicproperties
encountered by the expanding cone of depression.

Data from pumped wells were analyzedusing the Theis recovery method. This technique,

which has the same theoretical basis as the Theis method for confined aquifers, cannot be

used to estimate storativity. Transmissivitiesestimated using the Theis recovery techniqueare

considered less representative of actual aquifer conditions due to the restrictednatureof the

_, model and possible nonlinear flow conditions near the pumped well. Therefore, wansmissiv-

ities estimated from recovery data validate the approximate magnitude of estimates considered

to be more representative of actual aquifer conditions.

Slug test analyses were performed on data obtained from piezometers screened in the A1/A2

aquitard using the method of Cooper, et al. (1967), which incorporates assumptions similar to

those of the Theis equation. The slug test analyses incite the assumption of a single

instantaneous change in water level in the test piezometer.

Neuman and Witherspoon's ratio method of aquitardanalysis was used to calculate vertical

hydraulicconductivity for the A1/A2 aquitard. Values of specific storage (S,) were calculated

from consolidation test data (American Society for Testing and Materials [ASTM] D2435).

Specific storage is defined as the volume of waterreleased per unit volume of aquiferundera
unit decline in hydraulichead (Freeze and Cherry, 1979). Piezometerswere placed in the

aquitardat four locations to determine these values; however, the test procedures were valid

for only two of the piezometers. Time-drawdownresponses from two of the fourpiezometers

indicated an aquitardconnection (transmissive pathway)to the pumped aquifer and were
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excluded from the analysis. The analyses of aquitardpiezometers are included in the sections

,_, on aquiferanalysis for each test site (Sections F.4.2.6 and F.4.3.6).

Compressibility (¢x)was determined by applying the following relationship (Kruesman and de

Ridder, 1989):

a = {-de/(l+%)}/da

where:

e = void ratio
a = effective stress.

The value of compressibility for the sample (classified as silty clay) was 2.028 x 10"7m2/N.

This value was appliedin an equationfor specific storage (Ss) given as:

Ss = pg(a + n_l)

where:

pg = unit weight of water
n = porosity (€/l+e)
[3= compressibility of water.

Specific storage is defined as the volume of water released per unit volume of aquifer undera

unit decfine in hydraulic head (Freeze and Cherry, 1979). The calculated value of the

aquitardspecific storage is 0.0020 ftq. This value was used in Neuman and Witherspoon's

ratio method of aquitard analysis to arrive at a value of vertical hydraulic conductivity.
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F.3.0 Field Methods

The pump tests at MoffettField were conducted to determine aquifer characteristicsin the

areas of highest groundwatercontamination-- the A1- and A2-aquiferzones. The pump test

locations were chosen based on the concentrationsof contaminantsin monitoringwells and

the estimated ability of targetedaquifer zones to withstandprolonged pumping.

At each site, the following procedurewas followed:

• A step-drawdowntest was conductedto obtainan optimumdischarge rate.

• The pumpingwell and piezometers were allowed to recover afterthe step-
drawdown test, and then a 24-hourconstantdischarge pump test was conducted.

• Pressuretransducerswere placed in monitoring wells.

• Periodic measurementswere also takenby hand at 7 to 21 monitoringwells
duringthe test.

• Discharge ratewas monitoredconstantlyuntil the rate stabilizedand every 30 to
60 minutes thereafter.

• At least one monitoringwell outside of the expected zone of influence was
monitored to observe changes in pump test site-wide water level changes.

• After the constantdischarge test, selected wells were monitoredfor recovery
over an 8-hourperiod.

Slug tests were performed on three A1- and A2-aquitardpiezometers to determine the lateral

transmissivity and storativityof the aquitard. Vertical hydraulicconductivity and specific

storage were determined at two locations in the A1/A2 aquitard.

F.3.1 Well Placement

Piezometerswereinstalledat predeterminedlocationstomonitorhydrologicresponsesnear

the pumped well. Often, the piezometerswere placed in clusters to monitorseparate zones.

Within the context of this report, piezometerswill refer to the 2-inch-diameterwells that were

installed to fully penetrate the aquifer of interest or to monitor a 1-foot-thickaquitardzone.

Existing RI investigation monitoringwells located in the vicinity of pump tests were utilized

as monitoring wells wheneverpossible.
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The borehol¢ for the deepest piezometer at each cluster was logged throughvisual classifica-

_, tion of core samples to provide stratigraphic and lithologic informationrepresentativeof the
geologic conditions. Boring logs for newly installed piezometers and existing monitoring

wells used in this investigation are included in Attachment VI. One piezometer at each

cluster was screened in the same interval as the pumped well, unless that interval was not

water-bearing(e.g., silt or clay). In this case, the water-bearing unit in closest vertical

proximity to the pumped unit was screened. The aquitardpiezometers screened a 1-foot-thick

zone within the ALIA2 aquitard.

Following Lohman (1972), monitoring wells and piezometers were selected at radial distances

of 1.5, 2.5, and 4 times the aquifer thickness from the pumping well where possible.

Thicknesses of the A1- and A2-aquifer zones ranged between 3 and 20 feet at Sites 8 and 9.

Piezometers installed in the ALIA2 aquitard were placed in the cluster nearest the pumping

well in an effort to maximize response to pumping in the aquitard.

F.3.2 Equipment

The pumping systemfor both the step-drawdowntestsand the constantdischargetests

consistedof a submersiblepump connectedto a riser pipe. The outflow was fitted with an

_, in-line totalizing flowmeter, a flow adjustment valve, flexible hose, and a 2,000-pound

granular activated carbon (GAC) unit. The GAC unit was used to filter dissolved organic

compounds from the discharged water. The discharge from the GAC unit was placed in a

water containment tank. For the step-drawdown tests, a 4,000-gallon rolling Baker tank was

used to store the water after it was filtered through the GAC unit. When full, the rolling tank

was then moved to a larger 21,000-gallon tank and the water transferred. During the constant

discharge tests, the 21,000-gallon tanks were placed near the pumping wells, and the water

was directly discharged to the tanks after passing through the GAC unit.

Two submersible pumps were used. A Grundfos ® 1-horsepower (hp) submersible pump was

used for Pump Tests 3, 5 (A2), and 8 (A1). For Pump Tests 1, 5 (A1), 7, and 8 (A2), a

Grundfos 2-hp pump was employed. Power was provided by a 5.5 kilowatt (kW) generator

for the smaller pump, and a 10 kW generator for the larger pump.

An eight-channel data logger (Hermit ® 2000) was used in conjunction with pressure transduc-

ers to record water level changes in monitoring wells and piezometers located near the

pumping well. Readings were recorded at logarithmically-spaced time intervals during the
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pumpingandrecoveryperiods. Water level meterswere usedto monitorthe water levels in

the remainingselectedmonitoringwells.

F.3.3 Groundwater Sampling

Groundwater sampleswere collectedfromthe pumped well at approximately 8-hourintervals
duringeach test. The samplescollectedwere analyzedforvolatileorganiccompounds(VOC)

using U.S. EnvironmentalProtectionAgency(U.S.EPA)Method8240forpurgeableorganic
components. In addition,temperature,pH,and specificconductivitymeasurementswere

obtainedevery 2 hoursfromthe pumpingwell.

A field quality assurance (QA) sampling scheme was establishedto check sampling and

analytical accuracy and precision. Field QA samples included the following:

• Duplicates
• Matrix spikes
• Matrix spike duplicates
• Field blanks

• Trip blanks.

All groundwatersamples from the pumping wells were collected and controlled as defined in

Section 5.7 (GroundwaterMonitoring)of the Moffett Field Sampling and Analysis Plan fiT,
1988).

F.3.4 Disposal of Groundwater
Approximately294,000gallonsofwatergeneratedduringtheaquifertestwascontainedat
each site in 21,000-gallon tanks. Eachtankwas sampled and analyzed forVOCsto be
certainthatthe on-site treatmentbycarbonadsorptionhadeffectivelyremovedthe contami-
nantsto a level below the maximumcontaminantlevel (MCL). Resultsof sampleanalyses

indicatedthat the carbonunitwas effective. Of the 15 Baker tankson location,only three
had analysisresults at or slightlyabove the detectionlimitof 0.5 partsper billion (ppb). All
detectionswere of trichlomethene(TCE),andall were well below 5 ppb, whichis the MCL
for this chemical. The treatedwaterwill be disposedof by MoffettField.
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F.4.0 Pump Tests

Seven aquifer tests were conducted at five test sites to evaluate the hydraulic properties at

those locations. At Site 8, the Waste Oil Transfer Area, one pump test was conducted (Pump

Test 7). At Site 9, the Old Fuel Farm, six aquifer tests were performed (Pump Tests 1, 3, 5

[A1 and A2], and 8 [A1 and A2]). Pump Tests 1 and 3 targeted the A2-aquifer zone. For

Pump Tests 5 and 8, pumping was independently conducted on both the A1- and A2-aquifer

zones. Table F4.0-1 gives the drawdown in monitored wells and piezometers at the end of

the pumping periods for each test.

F.4.1 Pump Test 7, Site 8

Pump Test 7 was conducted at Site 8 (Figure F4.1-1), which exhibits locally elevated

concentrations of chlorinated hydrocarbons including trichloroethane (TCA) and TCE.

Hydrogeological characterization of the aquifer units is required to provide data that will be

necessary if a groundwater extraction and treatment system is required at this site. Figures

F4.1-2 and F4.1-3 are geological cross sections of Site 8 based on the boring logs for

monitoring wells installed during the RI field investigation, and on piezometers installed for

this investigation. As shown in the cross sections, the A1- and A2-aquifer zones interfinger

at Site 8. Well W08-06 is screened in a thick sand sequence, which appears to intersect

portions of both the A1- and A2-aquifer zones and was therefore chosen as the pumping well

for Pump Test 7. This well is located close to the center of Site 8. The monitoring wells for

Pump Test 7 are listed in Table F4.1-1. Static water levels are above the upper confining unit

or are in sand units, which are higher in elevation than the normal position of the Al-aquifer

zone, thus the aquifer system here is either confined or semiconfined.

F.4.1.1 New Wells/Piezometers Installed

Two piezometers were installed for Pump Test 7 to provide drawdown data in the A1-aquifer

zone (Table F4.1-2). The two piezometers installed for Pump Test 7, PZS.7-1(A1) and

PZS.7-2(A1), were placed to fully penetrate the merged A1- and A2-aquifer zones encoun-
tered.

F.4.1.2 Site-Specific Geology

The A1- and A2-aquifer zones are characterizedby predominantly fine-grained materials with

inter_dded sand and gravel deposits. Based on lithologic data collected during the monitor-

ing well and piezometer installation, the A1- and A2-aquifer zones cannot be distinguished
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and form a continuous aquifer zone at Site 8 (FiguresF4.1-2 and F4.1-3). The coarse-grained
aquifer zone material interfingerswith fine-grained materialin the north-southand east-west

cross sections in both the A1- and A2-aquiferzones. Thickness of the aquifer zone material

ranges from 2 to 20 feet. The estimatedaverage thickness of the aquifer zone is 15 feet.

F.4.1.3 Site-Specific Hydrogeology
Groundwaterelevations were calculated from staticwater level measurementsobtainedbefore

the constant discharge pump test. FigureF4.1-4 is a potentiometricsurface mapof the A1-

aquifer zone. Local groundwaterin the Al-aquffer zone flows to the northeast at an approxi-

mate horizontalgradientof 0.004.

F.4.1.4 Overview of Testing

A step-drawdowntestwasconductedon well W08-06(A1-A2)on October8, 1991for 4

hours,6 minutes.SectionF.4.1.5providesa completediscussionof the step-drawdowntest.

The constant rate aquifer test was startedon November25, 1991. The pumping well was
pumpedat 15 gallonsperminute(gpm)forapproximately24 hours,followedby a 13-hour
recoveryperiod. Thirteenwells, includingthe pumpingwell, were monitoredduringthe

_, pumptest. The seven wells closest to the pumpingwellweremonitoredusingan electronic
data logger. The remainingweftsweremonitoredmanually.Wellsmonitoredduringthis test
arelistedin TableF4.1-1. Thedepthto waterobservedduringthe pumpingperiodis given
in AttachmentI. FigureF4.1-1 showsthe locationof the monitoringwellsand the areas
affectedby pumping.

F.4.1.5 Step-Drawdown Test

The step-drawdowntestwasconductedovera 4-hour,6-minuteperiodonOctober8, 1991at

wellW08-06(A1) to establisha suitablepumpingrate for the24-hourconstantdischarge

pump test. The step-drawdowntest at well W08-06(A1-A2) consistedof four steps of

pumping at successively higher discharge rates of 2.1, 4.5, 8.5, and 16.5 gpm. The steps

ranged from 24 to 120 minutes with a total test time of 366 minutes. Each step was pumped
until drawdownstabilized. The relationship between the discharge rate and drawdownfor

each step is providedin Figure F4.1-5. The drawdownresulting at the end of this test ranged

from 0.58 to 4.13 feet with a total drawdownof 6.84 feet. FigureF4.1-5 provides the

drawdown-discharge relationshipsand indicates that if an additionalstep had been attempted

at 33 gpm, the capacity of the well would have been ex_ Review of the step-draw-
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down data revealed that sufficientdrawdowncould be attainedfor the constantdischarge

pumptest using a pumpingrate of approximately15 gpm.

F.4.1.6 Aquifer Analysis

Values of transmissivity and storativity were calculated from five wells monitored during

Pump Test 7. The pumping well was analyzed using the Theis recovery method (Figure

F4.1-6), and the observation wells or piezometers were analyzed using the Cooper-Jacob

approximation method and the Hantush-Jacob method for semiconfined conditions. The

graphical results of the analyses are given in Figures F4.1-6 through F4.1-12.

As judged from Figures F4.1-1 and F4.1-2, the water levels in the A1- and A2-aquifer zones

are above the unit tops implying semiconfined or confined conditions. Several of the curves

appear to closely approximate curves for Tbeis solutions; however, a distinct and sharp

flattening is apparent in the drawdown versus log time graphs for P7__.7-1(A1)(Figure F4.1-

8), and there is no return to a Theis curve at a later time (greater than 700 minutes). Because

of this, the Hantush-Jacob method for semiconfined conditions was chosen for analyzing the

aquifer test data. For comparison,the test data for two monitoring wells were also analyzed

using the Cooper-Jacob approximationmethod. Recovery data for the test well are provided

in Figure F4.1-6. The datum that is greater than 16 minute passes through the origin, which

suggests that there is little change in storage and that recharge effects are minimal.

The transmissivities estimated using the Hantush-Jacob method, assuming a semiconf'med

aquifer, ranged from 1.00 ft2/min (S = 1.1 x 10"4) in monitoring well W08-12(AI-A2) to

2.43 ft21min(S = 9.2 x 10"5) in piezometer P7__.7-2(A1). Using an estimated average

thickness of 15 feet, these values correspond to a range of hydraulic conductivities of 0.067

to 0.16 ft/min. The complete results of the pump test analysis are presented in Table F4.1-2.

Results for both the Hantush-Jacoband the Cooper-Jacob approximationmethods for PZ8.7-

2(A1) yield similar results. The r/B for this well is relatively small, thus it can be inferred

that the leakage is relatively small. In contrast, the results for the two methods applied to the

data for PZS.7-1(A1) do not agree. This may imply greater interconnection between the A1-

and M-aquifer zones in the vicinity of PZ8.7-1(A1).

The intervening A1/A2 aquitard is relatively thin in certain portions of the test site (Figures

F4.1-2 and F4.1-3), thus providing evidence of an interconnection between the A-1 and A-2
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aquifer zones (Table F4.1-3). The rangein transmissivityvalues from this aquifer test may

result from the variablethickness of the aquifersystem at this location.

Monitoring well W08-08(A1) was used to monitor site-wide water level changes duringPump

Test 7. This monitoring well is 610 feet downgradientof the pumpingwell. Less than 0.1

foot of fluctuation of water levels was observedin the monitoringwell during the aquifertest

period. This fluctuationwas within the range observed during nonpumpingtimes; however,

the majorportionof the water level fluctuationduring the test paralleledwaterlevel changes

induced by pumping. These observations suggest a possible pumpinginfluence at the

monitoringwell along with minor long-termeffects facility-wide.

A distance drawdown plot is prodded in Figure F4.1-3 along with a best fit line. Using the

method presented in Driscoll (1986), transmissivity of the A-aquifer zone is 0.68 ft2/min.

This value is lower than the values obtained by nonequilibrium methods and may indicate

that steady state was not approached. At the farthest monitoring wells clearly affected by the
pump test, monitoring wells W08-1 l(A2) and W08-O4(A1),maximum drawdown was 1.8 and

0.17, respectively (Table F4.1-1 and Figure F4.1-13) at the end of the pump test. Some

influence from the pump test may be seen at the control well W08-08(A1). At the end of the

pumpingperiod, drawdown at the background well W08-08(A1) was 0.7 foot, but decreasing
water levels continued at this well until at least 56 minutes after the pump test had been

terminated. Background monitoring well W08-08(A1) is downgradient from the pumping

well, and a continued decrease in water levels could be expected as the drawdown begins to

recover in the vicinity of the production well. Therefore, radial influence in the downgradient

direction may be much greater than 300 feel

F.4.1.7 Groundwater Quality

Three rounds of sampling were conducted from the pumpingwell during the pump test.

Results indicate that no significant change in contaminant levels occurred during pumping.

Aquifer test sampling results for groundwater include TCE concentrations varying from 2 to 7

ppb. 1,1,1-TCA concentrations ranged from 21 to 27 ppb. Dichloroethane (DCA) and

dichloroethene (DCE) concentrations averaged approximately 10 ppb (Table F4.1-4).

1:.4.2 Pump Test 1, Site 9

PumpTest 1 wasusedto assesstheA1- and A2-aquiferzones. The objectiveof PumpTest 1
wasto establishwhethercontaminantsmay migrateverticallyfromthe Al-aquifer zoneto the
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A2-aquifer zone in this area. The location of Pump Test 1 was chosen m coincide with the

highest TCE concentrations observed at Site 9. Al-aquifer zone monitoring wells had TCE

concentrations between 5,000 and 10,000 ppb. The A2-aquifer zone wells within the test area

had TCE concentrations between 2,200 and 2,600 ppb (IT, 1991b). An Al-aquifer zone

pump test was conducted by a separate contractor at this test site before performance of this

pump test (PRC, 1991).

F.4.2.1 New Wells/Piezometers lnstalled

Fourpiezometerswereinstalledfor PumpTest 1 (TableF4.2-1). Thepiezometerswere

placed in the A1- and A2-aquifer zones to provide drawdown data in the vicinity of the

pumping well (W09-09[A2]) (Figure F4.2-1).

Geologic cross sections showing the relationships of screened zones m hydrogeologic units

are shown in Figures F4.2-2 and F4.2-3. Three of the newly installed piezometers were

placed in a cluster approximately 10 feet from the pumping well. Piezometers Pzg.I-4(A1)
and PZ9.1-2(A2) were installed in the A1- and A2-aquifer zones, respectively. Piezometer

PZ9.1-1(AQ) was installed in the ALIA2 aquitard. Piezometer PZ9.1-3(A2) was installed in

the A2-aquifer zone approximately 20 feet from the pumping well.

F.4.2.2 Site-Specific Geology
Site 9, in the vicinity of PumpTest 1, is underlainby aquiferzonesA1- andA2-separatedby

the A1/A2 aquitard(Figures1=4.2-2andF4.2-3). TheA1- andA2-aquiferzonesoccurfrom

approximately15 to 50 feet below landsurface(his) in the vicinity of PumpTest 1.

The geology within the Al-aquifer zone is characterized as predominantly fine grained with

thin, discontinuous transmissive deposits of silty and clayey sand ranging in thickness from

1,5 to 5 feet. The A1 transmissive units are discontinuous and range in depth from approxi-

mately 15 to 27.5 feet bls (Figures F4.2-2 and F4.2-3).

The A2-aquffer zone consists of cleaner sands and gravels of relatively greater thickness

within a larger clayey and silty body. The sands and gravels range in depth from 28.5 to 47.7

feet bls (Figures F4.2-2 and F4.2-3). The A2 transmissive unit is laterally continuous across

the test area in the north-south cross section (Figure F4.2-2). The lateral extent of the A2

unit appears limited to approximately 425 feet in the east-west cross section (Figure F4.2-3).

Sand units in the A2-aquifer zone are encountered with highly variable thickness ranging
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from approximately 1.5 to 15 feet. The estimated average thickness of the A2-aquffer zone is

_,, approximately 12 feet.

The A1/A2 aquitardis observed throughout the Pump Test 1 area. Adjacent to the pumping

well, the A1/A2 aquitard lies approximately 25 to 31 feet bls. The aquitard is composed of

sandy silt and clay.

F.4.2.3 Site.Specific Hydrogeology

TheA1-aquiferzonecanbecharacterizedasconfinedor semiconfinedthroughoutthearea

coveredby thispumptest. Crosssectionsshownin FiguresF4.2-2andF4.2-3 indicatethat

static water levels are above the tops of the aquifer zones throughout the pump test at this

location. However, the storage coefficients obtained from the aquifer analysis are high for a

conf'med aquifer (I=.4.2-2)and suggest that the aquifer zones are semiconfinecL

Groundwaterelevations were calculated from static water level measurementsobtained prior
to the constant discharge pump test. Figures F4.2-4 and F4.2-5 are potendometric surface

maps of the A1- and A2-aquifer zones, respectively. Groundwater elevations and gradients in

both zones are similar. Local groundwater flow in the Al-aquifer zone is northerly in the

vicinity of the pumping well. The approximatehorizontalgradientis 0.006. Groundwater

flow in the A2-aquifer zone is also northerly in the vicinity of the pumping well with an

approximate horizontal gradient of 0.007.

Two well pairs were used to calculate the hydraulic head differences between the A1- and

A2-aquifer zones. The results showed an upward flow potential from the A2 to the A1-

aquifer zones, with head differences of 0.89 and 0.19 fool The larger of the two differences

was calculated at the pumping well (Table F4.2-3). Note that the potential for flow between

the A1- and A2-aquifer zones is opposite to that determined for the Site 8 pump test.

F.4.2.4 Overview of Testing

A step-drawdowntestwasconductedon well W09-09(A2)on October4, 1991overa 4-hour,

11-minuteperiodusinga 1-hpsubmersiblepump. A secondstep-drawdowntestwas

conductedusinga morepowerful2-hppumponNovember22, 1991for a totalof 1 hour,4
minutes. Resultsof thestep-drawdowntestsdeterminedanoptimumpumpingrateof 42 gpm

for theconstantdischargepumptest. SectionF.4.2.5providesa completediscussionon the
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step-drawdowntests. A slug test was performedon the aquitard piezometer PZ9.1-1(AQ) to

determine the approximate hydraulic conductivity and storativity of the A1/A2 aquitard.

The pump test was conducted between November 22 and 23, 1991. Recovery from the

preceding step-drawdown was at 95 percent of the static water level at the start of the pump

test. Pumping well W09-09(A2) was pumped at a constant rate of 42 gpm for approximately

24 hours. Recovery was also monitored over a 12-hour period. The pumping well and 7

monitoring wells and piezometers were monitored for water levels with digital data loggers,

and another 13 monitoring wells were monitored with water level probes. Of the wells and

piezometers monitored, four were used to provide quantitativeestimates of the A2-aquifer

zone aquifer parameters. The remaining monitoring wells and piezometers screened in the

Al-aquffer zone and in the ALIA2 aquitard were used to qualitatively assess the extent of

interconnection between the A1- and A2-aquifer zones. The piezometers and wells monitored

during Pump Test 1 are described in Table F4.2-1. Figure F4.2-1 shows the vicinity of the

pump test.

F.4.2.5 Step-Drawdown Test
An initial step-drawdown test was conducted October 4, 1991 at well W09-09(A2). On

November 22, 1991, a second step-drawdowntest was conducted using a more powerful2-hp

submersiblepump. The step-drawdowntests were conducted to establish the optimum

production rate for the 24-hour constant discharge test. The step-drawdown data are provided

in Figure F4.2-6. Specific capacity for the pumping well is also shown in Figure F4.2-6.

The initial step-drawdown test consisted of six steps pumped at successively higher discharge

rates of 1.8, 4.0, 8.0, 14.4, 21.0, and 28.8 gpm. The steps ranged from 30 to 60 minutes for a

total test time of 251 minutes and resulted in a total drawdown of 5.12 feet. Dynamic head

loss due to friction in the discharge pipe prevented increasing discharge beyond 28.8 gpm

using the 1-hp pump. This test was terminated, and a more powerful pump was used.

After installing a higher capacity pump, the step-drawdown test was resumed using discharge

rates of 36, 41, 50, and 58 gpm. The steps ranged from 8.5 to 28 minutes with a total test

time of 64 minutes. Each step was pumped until drawdown stabilized. The total drawdown

at the end of the test was 9.45 feet. Inspection of the plot of drawdown versus time for the

step-drawdown test (Figure F4.2-6) suggests that the capacity of the aquifer at this location

was not exceeded even at the highest discharge rate. A discharge rate of 42 gpm with a
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drawdown of between 7.0 and 8.5 feet was determined to be adequate to sufficiently stress

_, the aquifer at this location.

F.4.2.6 Aquifer Analysis

Values of transmissivity and storativity were calculated from five monitoring wells and

piezometers observed during Pump Test 1. The pumping well was analyzed using the Theis

recovery method (Figure F4.2-7), and the Neuman Method for partially penetrating wells in

unconfined aquifers (Figure F4.2-7A). Monitoring wells and piezometers were analyzed using

the Theis curve method and the Hantush-Jacob method for semiconfined aquifers; the

Hantush-Jacob method assumes no storage within the aquitard (Figures F4.2-8 through F4.2-
15).

Pumping well W09-09(A2) can be considered to only partially penetrate the A2-aquifer zone.

The screened interval begins in the middle of the gravel layer of the aquifer and ends at the

silty clay aquitard. To evaluate the effects of partial penetration on the pump test, the
Neuman Method was used with partial penetration parameters factored in. Results of the

Neuman data were compared to the Theis Well Recovery data for the pumping well.

_, Transmissivity by the Theis Recovery Method was approximately 1.1 ft2/minwhile by the

Neuman Method it was 0.7 ft2/min. These results were well within an order of magnitude of

each other and verify the test data. Given the similar transmissivities and that the effect of

partial penetration is negligible on flow pattern and drawdown beyond a radial distance larger

than 1.5 to 2 times the saturated thickness (Todd, 1980), the effects of partial penetration on
the observation wells are minimal.

A2-aquifer zone transmissivities estimated from monitoring well and piezometer data analyzed

using the Hantush-Jacob method ranged from 0.75 ft2/min (S -- 1.2 x 10-+)for piezometer

PZ9.1-2(A2) to 4.82 ft2/min (S = 3.7 x 10"4)for monitoring well W09-25(A2). Using an

estimated average thickness of 12 feet, hydraulic conductivities ranged from 0.063 to 0.40

ft/min. The results of the Pump Test 1 analysis are summarized in Table F4.2-2. The Theis

method results were considered to be not as representative of aquifer characteristics and were

not used in the summary. Theis data are presented in Table F4.2-2 for comparative purposes.

Comparison of observed response data to the Theis curve solution (confined aquifers) and to

leaky type curves (Figures F4.2-8 through F4.2-15) suggests that the A2-aquifer zone receives
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recharge or leakage from a boundary layer. Observed drawdowns flatten with time for PZ9.1-

2(A2) and PZ9.1-3(A2) suggesting either recharge or delayed yield (Freeze and Cherry,

1979). Because the static water level for the A2-aquifer is above the unit top, delayed yield

is not considered likely. Recovery response is significantly displaced to the right (Figure

F4.2-7), also indicating recharge. Both Theis- and Hantush-type curves fit response curves

for some wells at this location, which suggests that some portions of the A-aquifer system are

confined or that only the initial part of the response curve was obtained.

The interconnection of the two aquifers appears significant because pumping of the A2-

aquifer zone caused drawdown in Al-aquifer zone monitoring wells that ranged from 1.92

feet in a piezometer 25 feet from the pumping well to 0.77 foot in a monitoring well 220 feet

from the pumping well (Figure F4.2-1; Attachment II). Nonzero values of r/B provided by

type curve matching with the Hantush semiconfined curves provide further evidence of

leakage through the A1/A2 aquitard. Because the time-drawdown plots were closely matched

to the type curves that neglect storage in the aquitard, any leakage, if found, can be reason-

ably assumed to have passed through the aquitard from the A 1-aquifer zone. The intervening

ALIA2 aquitard is relatively thin in certain portions of the test site (Figures F4.2-2 and F4.2-

3), thus providing further evidence of an interconnection between the A1- and A2-aquifer
_' zones.

Monitoring well W09-31(A1) was monitored during the pumpingand recovery phases of the test

to determine the effects of long-term, site-wide water level changes. During the recovery phase

of the test, monitoring wells W09-28(A2) and W09-20(A2) were monitored for the same purpose

(Figure F4.2-1). Results of monitoring in monitoring well W09-31(A1) indicated a water level

change of 0.02 foot during pumping with no changes during the recovery period. Monitoring of

the A2 background monitoring wells revealed a rise in water level of 0.02 foot during the

recovery phase of the test. The water level changes in background monitoring wells were

approximately 1 percent of induced water level changes and did not have a significant effect on

the pump test analysis in piezometers PZ9.1-2(A2) and PZ9.1-3(A2) and monitoring well W09-

The pump test influenced wells in the Al-aquifer zone to a maximum distance of 437 feet by

the end of the 24-hour test (W09-31[A1]) in Figure F4.2-1). One important aspect of

pumping influence at Moffett Field is that some more distant wells responded with more

drawdown than those wells closer to the pump (e.g., W09-25[A2] and W09-34[A2]. This
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may be the resultof aquiferheterogeneity(FiguresF4.2-2and F4.2-3) under the influenceof

_,, existing hydraulicgradients(FiguresF4.2-4 andF4.2-5). FigureF4.2-16 is a semilogplot of
distanceand drawdown,which canbe used to providean estimateof the overall

transmissivityof the aquiferzones. Transmissivityvalues computedby this methodyielded a
result of 0.50 ft2/min. This value is slightlylower than the lowest valuesgiven by single well
analysis.

F.4.2.7 Slug Test Analysis

A slug testwasperformedon the aquitardpiezometerPZ9.1-1(AQ)in conjunctionwith two

other aquitard piezometer slug tests at Site 9 (Sections F.4.3.7 and F.4.5.7). The calculated

transmissivity and storativity can only be used for qualitative characterization of the aquitard

because of site conditions (Cooper, et al., 1967). Of the three slug tests performed on the

aquitard at Site 9, this well produced the lowest calculated values of hydraulic conductivity

and was approximately the same as the vertical hydraulic conductivity computed from the

consolidation data provided below.

Using an assumedaquitardthicknessof 5.5 feet, the estimatedhorizontalhydraulicconductiv-
ity is 9.1 x 10-5 ft/min (FigureF4.2-17). The estimatedvalueof transmissivityis 5.0 x 10-4
ft2/min,and the estimatedstorativityis 1 x 10"5.

F.4.2.8 Aquitard Analysis

PiezometerPZ9.1-1(AQ) wasplacedin the A1/A2 aquitardto measurehydraulicresponse

duringpumping,hydraulicresponseto an instantaneousslugof water (slugtest),andgeotech-
nical parameters of the aquitard material.

The consolidation testing of a sample from the PZ9.1-1(AQ) boring was based on ASTM

Method 2435. The vertical hydraulic conductivity at the piezometer PZ9.1-1(AQ) was

calculated to be 1.4 x 10-4ft/min. Calculations are presented in Table F4.2-4.

F.4.2.9 Groundwater Quality
Two rounds of sampling were conducted from the pumping during the pumptest. Results

indicated a slight insignificant decrease in contaminant concentration in response to pumping

(Table F4.2-5). Aquifer test sampling results for groundwater showed TCE concentrations

decreasing from 1,900 to 1,800 ppb during the test. Methylene chloride concentrations

decreased from 230 to 200 ppb during the test. 1,2-DCE concentrations increased from 56 to
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60 ppb; 1,1-DCE stayed at 24 ppb; 1,1-DCA and 1,1,1-TCA concentrations decreased from 25

and 13 ppb to nondetected concentrations (Table F4.2-5).

F.4.3 Pump Test 3, Site 9

Pump Test 3 assessed the A2-aquifer zone and the A1/A2 aquitard through pumping in the

A2-aquifer zone. This pump test site was chosen to characterize the A1- and A2-aquifer

zones in an area that is downgradient of a suspected source of fuel contamination and that is

also within the regional TCE plume at Site 9 (Figure F4.3-1). TCE was detected in well

W09-28(A2) at 17,000 ppb (H', 1991b). The pumping well is approximately 73 feet down-

gradient of free-product well FP9-1, which showed soil contamination below the water table

from compounds indicative of jet fuel. Similarly, jet fuel-related contaminants were detected

in shallow soil samples from pumping well W09-22(A2).

An Al-aquifer zone pump test was originally designed for this location; however, the A1-

aquifer zone pump test was not performed, based on the lack of sands in the Al-aquifer zone
and the low aquifer hydraulic conductivity values from a previous aquifer test performed on

an adjacent Al-aquifer zone monitoring well, W29-02(A1) (PRC, 1991).

F.4.3.1 New Wells/Piezometers Installed

Fivepiezomcterswere installedfor PumpTest3 (TableF4.3-1). Thepiezomcterswere
placed to provide drawdowndata in the vicinity of the pumpingwell (W09-22[A2]), which

fully penetrates the A2-aqufferzone. The Al-aquifer zone piezometer interceptsa 3-foot-

thick clayey sand unit in the Al-aquifer zone (FiguresF4.3-1 and F4.3-2). Two A2 piezome-

ters, PZ9.3-3(A2) and PZ9.3-5(A2), were placed to fully penetrate the A2-aquiferzone. The

aquitardpiezometer PZ9.3-1(AQ) is screenedover a 1-foot interval within the upperhalf of

the aquitard,which ranges from 11 feet in thickness at the pumpingwell to 13 feet at the

piezometer cluster (Figure 1::4.3-3).The aquitardpiezometer was screened in a silty clay.

F.4.3.2 Site-Specific Geology

The Al-aquifer zone is characterized by predominantly fine-grained soils containing interring-

ering deposits of clean to silty or clayey sand. Interfingering sands in the Al-aquifer zone

appear discontinuous in the north-south cross section south of pumping well W29-09(A2)

(Figure F4.3-2). Sands of the Al-aquifer zone appear more continuous in the cast-west cross

section, particularly to the cast of pumping well W29-09(A2) (Figure F4.3-3). The thickness
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of the A1-aquifer zone in the vicinity of Pump Test 3 varies from 1 to 11 feet. The perme-

able zones in the Al-aquifer zone occur in a depth range of approximately 15 to 30 feet bls.

The A2-aquifer zone consists of cleaner sands and gravels of relatively greater thickness

within a larger fine-grained body. The permeable zone sands and gravels range in depth from

39 to 50 feet bls (Figures F4.3-2 and F4.3-3). The A2 permeable zone appears discontinuous

in the north-south cross section (Figure F4.3-2); however, the unit is more continuous in the

east-west cross section (Figure F4.3-3). The A2 permeable zones range in thickness from

approximately 3 to 10 feet. The estimated average thickness is approximately 6 feet.

The A1/A2 aquitard appears continuous across the test area. This aquitard zone lies approxi-

mately 28 to 40 feet bls with thickness depending on the continuity of the A1- and A2-aquifer

zones (Figures F4.3-2 and F4.3-3). The aquitard consists of sandy or silty clay.

F.4.3.3 Site-Specific Hydrogeology
In the vicinity of Pump Test 3, the Al-aquifer zone is confined to semiconfined. The A2-

aquifer zone appears to be confined throughout the test area and appears to be more continu-

ous and extensive than the Al-aquifer zone (Table F4.3-2). Aquifer testing suggests that

these zones are well connected and appear to exhibit recharge effects.

Groundwater elevations were calculated from static water level measurements obtained prior

to the constant discharge pump test. Figures F4.3-4 and F4.3-5 are potentiomevic surface

maps of the A1- and A2-aquifer zones, respectively. Groundwater gradients in both zones are

similar. Local groundwater flow in the Al-aquifer zone is northeasterly in the vicinity of the

pumping well. The approximate horizontal gradient is 0.007. Groundwater flow in the A2-

aquifer zone is also northerly with an approximate horizontal gradient of 0.005.

Pump Test 3 did not have A1/A2-aquifer zone well pairs. To calculate the vertical difference,

monitoring wells W09-23(A1) and W09-28(A2) tlaat were located 95 feet apart were chosen.

The result was an upward gradient from the A2- to the Al-aquifer zone with a head differ-

ence of 0.30 foot (Table F4.3-3).
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F.4.3.4 Overview of Testing

A step-drawdowntestwasconductedon well W09-22(A2)on October23, 1991for a totalof

2 hoursand48 minutes.SectionF.4.3.5providesdetailsonthestep-drawdowntest.

A slug test was performed on the aquitard piezometer PZ9.3-1(AQ) to estimate the hydraulic

conductivity of the A1/A2 aquitard. This test was conducted with two other aquitard slug
tests (Sections F.4.2.7 and F.4.5.7).

On November 7, 1991, the aquifer test was begun on monitoring well W09-22(A2) with a

constant discharge rate of 15 gpm. The test began at 14:35 hours after two false starts. The

well was pumped for approximately 24 hours, and recovery was monitored for approximately

10 hours. The pumping well and 7 monitoring wells were monitored with a data logger, and

another 13 wells were monitored for water levels with calibrated water level probes. Table

F4.3-1 summarizes the geometries of wells and piezometers observed during Pump Test 3.

Figure F4.3-1 shows well locations. Quantitative analyses were performed on the pumped
well W09-22(A2), on deepest piezometers PZ9.3-3(A2) and PZ9.3-5(A2), and on monitoring

well W29-08(A2). Methods and results of analysis are summarized in Table F4.3-2. The

remaining monitoring wells and piezometerswere monitored to provide qualitative informa-

l, tiononinterconnectionwithintheA1-andA2-aquiferzones.

F.4.3.5 Step-Drawdown Test

The step-drawdown test was conducted on October 23, 1991 at monitoring well W09-22(A2)

to determine a production rate for the 24-hour constant discharge test. Analysis of the step-

drawdown test data provided values of specific capacity that were then evaluated to determine

an optimal pumping rate. The step-drawdown test at well W09-22(A2) consisted of three

steps of pumping at successively higher discharge rates of 5, 10, and 16.2 gpm. The steps

ranged from 34 to 90 minutes with a total test time of 168 minutes. With the exception of

the third step, each step was pumped until drawdown stabilized. A table of the discharge rate

and drawdown for each step is given in Figure F4.3-6. The drawdown resulting from the

three steps of this test ranged from 1.45 to greater than 10.2 feet. Total drawdown for the

step-drawdown test was greater than 13.8 feet. Drawdown data for the third step cannot be

used quantitatively but suggests that the pumping well capacity was very close to exceeding a

discharge rate of 16.2 gpm. A discharge rate of 15 gpm was determined to be optimal for the

constant rate pump test.
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F.4.3.6 Aquifer Analysis

_, Values of transmissivity and storativity were calculated from four wells and piezometers at

Pump Test Site 3. Analytical methods and results are summarized in Table F4.3-2. The

pumping well was analyzed using the Theis recovery method (Figure F4.3-7). The best fit

line for the recovery does not intersect the origin but is displaced significantly to the right,

suggesting a significant recharge effect.

Data from each monitoring well and piezometer included in the quantitative analysis were

analyzed using the Theis method and the Hantush-Jacob method for semiconfined aquifers.

In applying the I-Iantush-Jacobmethod, aquitard storage was assumed to be zero. This

assumption was based on the observations that drawdowns approached equilibrium relatively

rapidly and that delayed yield response was not observed.

Comparison of observed data to the Theis curve for confined aquifers (Figures F4.3-8, F4.3-

10, and F4.3-12) and to Hantush-Jacob type curves for semiconfined aquifers (Figures F4.3-9,
F4.3-11, and F4.3-13) strongly suggests that the A2-aquifer zone near pumping well W09-

22(A2) is semiconfined. Observed drawdowns approach steady state with time, implying

recharge from a bounding layer. Lateral recharge boundaries capableof supporting steady-

_, state drawdowns within the duration of the pump test are also considered unlikely.

A2-aquifer zone transmissivities estimated using the method of Hantush-Jacob ranged from
0.29 ft2/min (S = 6.8 x 10"5)in piezometer PZ9.3-5(A2) to 0.53 ft2/min (S = 1.5 x 10"3)in

monitoring well W29-08(A2). Using an estimated average thickness of 6 feet (Section

F.4.3.3, Figures F4.3-2 and F4.3-3), hydraulic conductivities ranged from 0.047 to 0.088

ft/min. The complete results of the pump test analysis are summarized in Table F4.3-2. As

discussed previously, stated results of the Theis curve analysis are not considered representa-

tive of aquifer conditions and are presented in Table F4.3-2 for comparative purposes.

One background well, W09-35(A1), located approximately650 feet southeast of the pumping

well, was monitored with a water level probe for possible site-wide water level changes that

may have affected test results. The control well, screened within the Al-aquifer zone,

exhibited a drop of 0.04 foot during pumping and a rise of 0.03 foot during recovery. The

changes in water level observed in the control well were approximately 3 to 4 percent of

drawdown induced by pumping in monitoring well W29-08(A2). Monitoring well W29-

08(A2) is located 111 feet from the pumped well and was the most distant observation point
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used for quantitative analysis of aquiferparameters. Based on these observations,the change

_r' in drawdown attributableto variation in site-wide waterlevels is not considered significant to
the pumptest analyses. A semilog plot of distance and drawdownis providedin Figure F4.3-

14. Transmissivityof the aquifercan be computed from the drawdownacross one log cycle

and the discharge rate (T)riscoll1986). This method yields a transmissivityof 0.12 ft2/min.
This value is slightly lower than the values for T computedusing Theis and Hantush-Jacob
methods.

The pump test provideda drawdownof 0.1 foot in moredistant wells at a maximum distance

of 383 feet from the pumpingwell by the end of the 24-hour test. Some wells responded

with more drawdownthan those wells closer to the pumping well (FigureF4.3-14). Also, the

resulting shape of the area of influence is irregular(Figure F4.3-1). This is most likely the

result of permeable zones (sand channels)within the aquifermaterialand/orcomplex stacking

of several permeable (sand) deposits.

F.4.3.7 Slug Test Analysis

A slug test was performed on the aquitardpiezometerfor PZ9.3-1(AQ). The test was

performed in conjunction with two other aquitardpiezometer slug tests (Sections F.4.2.7 and

_, F.4.5.7). The reported transmissivityand storativityshould be used with caution because the
assumptions inherent in the analysis may not reflect field conditions (Cooper, et al., 1967).

Based on the slug test analysis, the estimatedvalue of transmissivitywas 3.8 x 10.3 ft2/min

and was calculated with a storativityvalue of 5 x 10"5. Using an assumedthickness of 17
feet, the estimated value of hydraulicconductivity is 2.3 x 10d ft/min (FigureF4.3-15).

F.4.3.8 Aquitard Analysis

PiezometerPZ9.3-1(AQ)wasplacedin the A1/A2 aquitardto measurehydraulicresponse

duringpumping,hydraulicresponseto an instantaneousslugof water,andgeotechnical

parameters of the aquitard soil.

The consolidation testing of a soil sample from the PZ9.3-1(AQ) boring was based on ASTM
Method 2435.

The calculated value of the aquitardspecific storage (Ss) from the sample was 1.95 x 10dft"
1 This value was used in Neuman-Witherspoon'sratio method of aquitardanalysis to arrive
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at a valueof verticalhydraulicconductivity.Valuesof drawdownandcalculationsare

_, presentedin TableF4.3-4. The calculatedverticalhydraulicconductivity(K') for the
piezometerlocationis 1.84x 10-4ft/min.

F.4.3.9 Groundwater Quality

Threeroundsof samplingwereconductedduringthispump test. Resultsindicatean

insignificantincreasein theconcentrationsof someVOCs. Aquifer testsamplingresultsfor

groundwaterTCE concentrationsrangedfrom3,200to 3,900ppbduringthetest. Methylene

chlorideconcentrationsrangedfrom 110to 210ppbduringthetest(TableF4.3-5).

F.4.4 Pump ToM 5, Site 9

Pump Test 5 assessed the A1- and A2-aquiferzones with independent A1- and A2-aquifer

zone pump tests. The location of the pump tests was chosen to characterize the A1- and A2-

aquifer zones in an area affected by the regional VOC plume. During quarterly sampling at

monitoring well W09-38(A1), TCE was detected at 5,800 ppb; at A2-aquifer monitoring well

W09-41(A2), TCE was detected at 12,000 ppb (IT, 1991b). The pump tests at this location

were also intended to provide data for determining the degree of interconnection between the

A1- and A2-aquffer zones in this portion of Site 9 and to identify possible preferred migration

_, paths from upgradient or cross gradient sources, including Building 88 (Figure F4.4-1).

F.4.4.1 New Wells/Piezorneters Installed

Seven piezometers were installed to meet the objectives of Pump Test 5 (Table F4.4-1). Two

new pumping wells (PT9-2[A1] and PT9-3[A2]) were installed as a pair but were used as

piezometers due to low yields in the A2-aquifer zone during development. Monitoring wells

W09-38(A1) and W09-41(A2) were chosen as pumping wells (Figures F4.4-1 and F4.4-2).

Three Al-aquifer zone piezometers (PZ9.5-4[A1], PZ9.5-6[A1], and PT9-2[A1]) were

installed to monitor the Al-aquifer zone (Figures F4.4-1, F4.4-3, and F4.4-4). Piezometers

were placed to provide drawdown data in the vicinity of the pumping wells.

Three A2-aquifer zone piezometers were installed. Piezometer PZ9.5-5(A2) was placed to

fully penetratea permeable zone (sand channel) below the pumped zone. PiezometersPZ9.5-

7(A2) and FIg-3(A2) were placed to fully penetrate the A2-aquifer zone (Figures F4.4-3 and

F4.4-4).



The intended aquitardpiezometer PZ9.5-1(AQ) was placed in a cluster with piezometers

PZ9.5-4(A1) and PZ9.5-5(A2) southeast of the pumping wells (Figure F4.4-1). The aquitard

piezometer was screened over a 1-foot interval and intercepted a transmissive sand unit

adjacent to the A2-aquifer zone pumping well screen interval (Figure F4.4-4). For this

reason, it has been treated as an A2-aquifer zone piezometer.

F.4.4.2 Site-Specific Geology

The Al-aquifer zone is characterized by relatively thick transmissive silty to clean sand and

gravel deposits within a siltyclaybody. The Al-aquifer zone is continuous across the pump

test site area in the north, south, and western direction. Laterally in the eastern direction, the

Al-aquffer zone appears to be continuous based on limited subsurface data (Figure F4.4-4).

The A1 permeable zone (sand channels) ranges in thickness from approximately 10 to 21.5

feet (Figures F4.4-3 and F4.4-4). The A1 permeable zones occur at depths ranging from

approximately 9 to 30 feet bls. The estimated average thickness is 13 feet.

The A2-aquifer zone consists of thin sand and gravel deposits with relatively high amounts of

silt within a silty clay body. The A2-aquifer zone sands and gravels occur at depths between

35 and 42 feet bls in well W09-41(A2) and between 30.5 and 40 feet bls in well W09-

_, 08(A2). The A2 unit ranges in thickness from 4 to 10 feet with an estimated average

thickness of 6 feet. The A2-aquifer zone is laterally discontinuous over the test site area

(Figures F4.4-3 and F4.4-4).

The A1/A2 aquitard appears continuous across the entire area. The aquitard lies approximate-

ly 30 to 33 feet bls and is composed of clayey silt with sand, and silty clay with sand

(Figures F4.4-3 and F4.4-4).

F.4.4.3 Site-Specific Hydrogeology
The Al-aquifer zonein thevicinity of PumpTest5 (Site 9) appearsto besemiconfined

(FiguresF4.4-3 andF4.4-4);however,the boringlog of pumpingwell W09-38(A1) reveals

the presence of clayey sands at approximatelythe same elevation as the potentiometric
surface (Table F4.4-2). In the boring log, these clayey sands are separated from the primary

Al-aquifer zone by a thin clay. Although the water levels in all other Al-aquifer zone

monitoring wells and piezometers shown in Figures F4.4-3 and F4.4-4 indicate semiconfined

conditions, the stratigraphy in the vicinity of the pumping wells demonstrates that locally

unconfined conditions are possible.
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As illustratedin FiguresF4.4-3 and F4.4-4, water levels in piczometers and wells screened in

the A2-aquifer zone areat a higherelevation than the A2-aquiferzone. Based on this

observationand on the presence of numeroussandy layers, the A1- and A2-aquifcrzones are
semiconf'med.

Groundwaterelevations were calculated from static water level measurementsobtained prior

to the constantdischargepump test. FiguresF4.4-5 and F4.4-6 arepotentiometric surface
maps of the A1- and A2-aquifer zones, respectively. Local groundwaterflow in the A1-

aquifer zone is northeasterlyin the vicinity of the pumpingwell. The approximatehorizontal

gradientis 0.005. Groundwaterflow in the A2-aquiferzone is northerlywith an approximate
horizontalgradientof 0.006.

One well pair (W09-38[A1] and W09-41[A2]) was used to calculate the vertical hydraulic

head differences between the A1- and A2-aquifer zone levels. The flow potential is upward

from the A2 to the Al-aquifer zone with a head difference of 0.20 foot (TableP4.4-3). This
flow potentialis consistent with other well pairs at Site 9.

1=.4.4.4 Overview of Testing

F.4.4.4.1 A l-Aquifer Zone

An initial step-drawdowntest was conductedon the Al-aquifer zone pumping well W09-

38(A1) on October 25, 1991 for 3 hours,26 minutes using a 1-hp pump. A second step-

drawdown test using a more powerful 2-hp pumpwas conductexion the same well on

December 4, 1991 for 1 hour, 20 minutes. Results of the second step-drawdowntest

indicated that the optimumpumpingrate for the constantdischarge pump test in the A1-

aquffcr zone was 40 gpm. Se._Section 4.4.5.1 for complete details of the step-drawdowntest.

A planned slug test was not performed on piezometer PZ9.5-1(AQ) because the screen

interval was placed in a small sand unit rather than the A1/A2 aquitard. This piezometerwas

treatedas an A2 piezometer.

The Al-aquifer zone pump test began on December 4, 1991. Waterlevels affected by the

stcp-drawdowntest were allowed to returnto static levels before the pump test began.

Pumpingwell W09-38(A1) was pumpedat 40 gpm for approximately27 hours. The test site

was also monitored for a 14-hour, 30-minute recovery period. The pumpingwell and 6
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monitoringwells were monitoredwithtransducers,andanother14monitoringwells were

monitoredforwaterlevels with calibratedwaterlevel probes. TableF4.4-1 summarizesthe
geometriesof wells andpiezometersobservedduringPump Test 5, Monitoringwelland
piezometerlocationsare shownrelativeto otherSite 9 featuresin FigureF4.4-1. Quantitative

analyseswere performedon pumpedwellW09-38(A1)andon piezometersPZ9.5-4(A1),
PZ9.5-6(A1),andPT9-2(A1). Analyticalmethodsand results are summarizedin TableF4.4-

2. The remainingmonitoringwells andpiezometerswere monitoredto providequalitative
informationon an interconnectionbetweenthe A1- and A2-aquiferzonesand on possible
heterogeneitieswithin the A1- and A2-aqufferzones.

F.4.4.4.2 A2.Aquifer Zone

A step-drawdown test was conducted on well W09-41(A2) on October 29, 1991 for 5 hours,

40 minutes. This step-drawdown test established an optimal pump rate of 5 gpm for the A2

test. See Section 4.4.5.2 for a complete discussion of the step-drawdown test.

The A2-aquifer zone pump test began on December 2, 1991. Monitoring well W09-41(A2)

waspumpedat 5 gpmforapproximately25 hours.Thepumptest sitewasalsomonitoredfor
a 13-hour recoveryperiod. The pumping well and 6 monitoringwells were monitored with

transducers, and another 12 wells were monitored with water level probes. Monitoring well

and piezometer locations are shown relative to the Site 9 features in Figure F4.4-2. Quantita-

tive analyses were performed on pumped well W09-41(A2) and on piezometers PZ9.5-7(A2),

PZ9.5-1(AQ),andPTS-3(A2).Analyticalmethods and results are summarized in Table F4.4-

2. The remainingmonitoringwells and piezometerswere monitored to providequalitative
information on possibleA1- and A2-aquiferzone interconnectionand on possibleheteroge-
neities within the A1- and A2-aquiferzones.

F.4.4.5 Step-Drawdown Test

F.4.4.5.1 A 1-Aquifer Zone

Step-drawdowntestswereconductedonOctober25, 1991andDecember4, 1991at well

W09-38(A1). The step-drawdowntestswereconductedto establishanoptimumpumpingrate
for the 24-hourconstantdischargetest. The initial step-drawdowntestconsistedof foursteps

of pumpingat 3.5, 7.2, 15,and31 gpmwith stepsrangingfrom 30 to 90 minutesin duration

andresultingin a 3.95-footdrawdown.Due to dynamicheadlossin thedischargeline and

the unexpectedlyhighwaterproductioncapacityof theformation,the dischargeratesrequired
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to stressthe aquifercouldnot be attainedutilizingthe 1-hppump;therefore,the test was
_,' terminatedanda highercapacitypumpwas obtained.

The second phase of the step-drawdowntest consisted of four more steps at dischargerates of
31, 37, 41.5, and 50 gpm. The steps ranged from 16 to 22 minutes with a total test time of

80 minutes. Each step was terminatedwhen the drawdown time curve began to flatten. A

table of the discharge rate and drawdownfor each step of the second step test is given in
Figure F4.4-7. The total drawdownat the end of the test was 7.85 feet. From the results of

the step-drawdowntest, a discharge rate of 40 gpm was chosen as adequatefor the constant
discharge aquifer test.

F.4.4.5.2 A2.Aquifor Zone

A step-drawdowntest was conductedon October 29, 1991 at well W09-41(A2) to determine

the optimum pumpingrate for the 24-hourconstantdischarge test. A step-drawdowntest at

well W09-41(A2) consisted of four steps, three of which were pumpedat successively higher
dischargerates of 2, 4, and 8 gpm. The fourth step was pumped at 5.4 gpm because the third

discharge rate (8 gpm) causedencroachmenton the well screen. The steps rangedfrom 30
minutes to 2 hours with a total test time of 5 hours and 40 minutes. Drawdownstabilized

_' during Steps 1 and 2. A table of the discharge rate and drawdownfor each step is provided
in Figure F4.4--8. The drawdownresulting from the threesteps of this test rangedfrom 2 feet
to greater than 21 feet with a total drawdownof more than 23 feet. Drawdowndata for the

thirdstep cannot be used quantitatively because stabilizationfor this step was not achieved.

Reviewof thedata,althoughlimited,indicatesthata 5 gpmdischargerate wouldadequately
stressthe aquiferduringtheconstantdischargepumptest.

1.4.4.6 Aquifer Analysis

F.4.4.6.1 A 1.Aquifer Zone

Transmissivityandstorativitywereestimatedfromdataobtainedat twopiezometersandone
monitoring well using the Theis method (Table F4.4-2). Transmissivitywas estimatedfor the

pumping well using the Theis recoverymethod (FigureF4.4-9). The best fit line defined by

the recovery data does not intercept the origin but is displaced to the left, suggesting

incomplete recovery, perhaps due to a limited extent of the aquifer.
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The range of estimated u'ansmissivitiesin the Al-aquifer zone monitoringwell and piezo-

meters varied between 2.58 ft2/min(S = 1.7 x 10"3)in monitoringwell PT9-2(A1) and 4.16

ft2/min (S = 3.9 x l0 "3)in piezometerPZ9.5-4(A1). Assuming an estimated average aquifer

zone thickness of 13 feet, the hydraulicconductivitiesranged from 0.20 ft/min to 0.32 ft/min.

Transmissivityat the pumpingwell (W09-38[A1]) was estimated to be 2.07 ft2/min (Table

F4.4-2). The transmissivides estimated for the observationpoints are considered to be
overestimates due to a markeddeviation of the observed datafrom the model-based Theis

curve. Justificationsfor the use of the Theis method are provided in the following section.

Figures F4.4-10, F4.4-11, and F4.4-12 present time-drawdown data for the Al-aquifer zone

monitoring well and piezometers plotted with the Theis master curve. Each of the three sets

of observed data shows a marked positive deviation of the curve relative to the Theis curve at

approximately 100 minutes. Application of the Neuman (1975) method for unconfined

aquifers resulted in a poor match between observed data and theoretical curves, chiefly

because a delayed yield response was not apparent in the observed data. The Hantush-Jacob

method for semiconfined (leaky) aquifers was ruled out because the observed data deviated

and did not approach steady state as assumed by the model. Deviation upwards from the

Theis curve suggests reduction in T and S laterally away from the pumping well. These

_, considerations lead to the presentation of the observed data with the Theis master curve.

The observed deflection of the observed data from the Theis curve is consistent with lateral

changes in T and S within the aquifer. As shown in Figures F4.4-3 and F4.4-4, the maximum

thickness of the Al-aquifer zone in the vicinity of Pump Test 5 is approximately 22 feet.

The maximum thickness of the aquifer zone appears to occur at the pumping well. Away

from the pumping well, observed thicknesses are reduced to approximately 10 feet. In the

east-west cross section, the zone may not be continuous (Figure F4.4-4) and, therefore,

appears to indicate lateral thinning of the aquifer for the observed data. A thinning of the

aquifer is compatible with the displacement of the recovery data and incomplete recovery.

The relatively high estimated wansmissivities resulting from the use of the Theis method may

be due to the greater thickness of the Al-aquifer zone in the vicinity of the pumped well.

The observed deviation of the data from the Theis curve at later times may be due to the

thinning of the Al-aquifer zone away from the pumped well. As the zone of depression

expanded, it encountered thin or discontinuous portions of the Al-aquifer zone, resulting in

drawdowngreaterthan that predictedby the Theiscurve.
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The range of estimatedstorativities previously cited is not characteristicof confined or

unconfined conditions (Freeze and Cherry, 1979). The one storativity outlier with respe,ct to
values expected for confined conditions may be due to model bias, in which case actual A1-

aquifer zone storativities may be lower. Another explanation is that the estimated values are

representative of actual semiconfined conditions in which aquifer material underwent

nonrecoverable aquifer deformation in response to pumping. This could be expected because

of the fine-grained nature of a significant fraction of the aquifer material and the consolidated

nature of the aquifer material.

Two backgroundmonitoring wells were used to monitor regional changes in static water

levels during the pumping and recoveryphases of the Al-aquifer zone pump test. Back-

ground well W09-35(A1), located approximately800 feet from the pumped well (FigureF4.4-
13), exhibited a 0.05-foot decrease in water level during the pumping phase of the test

followed by a furtherdecreaseof 0.01 foot duringthe recovery phase of the test. Monitoring

well W09-20(A2) was similarin response with a 0.03-foot decrease in water level during
pumping and a O.01-foot dex:rcasc during the recovery phase. Background well W09-20(A2)

was located approximately800 feet from the pumpingwell (Figure F4.4-1). As shown in

Figure F4.4-1, the three observationpoints used to collect data for the quantitative analysis

were located within 223 feet of the pumpedwell and experienced drawdowns of 1 foot or

greater. Although a site-wide change in water level appears to have aff_ted the A1- and A2-

aquifer zones, the magnitude of the change was less than approximately 5 percent of that due

to the pump test and is considered to have had a negligible impact on the results.

The pump test influenced wells at a maximum distance of 507 feet by the end of the 24-hour

test. As was the case for most pumping influence at Moffett Field, some site wells responded

with more drawdownthan those wells closer to the pump (FigureF4.4-13).

Distance drawdownplots can be used to estimate an aquifer's transmissivity from the

drawdownover one log cycle of distance and the discharge rate (Driscoll, 1986). Using this

method yields a value of 0.82 ft2/min, which is lower than transmissivitycomputed from

single well analysis.

1:.4.4.8.2 A2-Aquifer Zone

Transmissivity was estimated at the pumping well using the Theis rex:overymethod (Figure

F4.4-14) and the Theis Method with partial penetration (Figure F4.4-14A). Using the Theis
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RecoveryMethod,datafromthepumpingwell fits a line thatappearsto be displacedto the

rightsuggestingthateitherstoragehasdecreasedor thata rechargeeffect was present.
Transmissivityusing the recoverydata is 0.29 ft2/min. Pumpingdata were evaluatedusing
the TheisMethodwith partialpenetrationparametersfactoredin to accountfor the partial
screeningwithinthe aquifer.Transmissivityusingthepumpingdatawiththe partial

penetrationparametersis 0.28 ft2/min.Given thatthe transmissivityvaluesfromthe two
TheisMethodsare essentiallythe same,the test data havebeenvalidated.

A2-aquifer zone transmissivityand storativity estimates were determinedfrom dataobtained

at one monitoringwell and two piezometers using the Theis method (FiguresF4.4-15, F4.4-

17, and F4.4-19) and the Hantush-Jacobmethod for semiconfmedaquifers (FiguresF4.4-16,

F4.4-18, and F4.4-20). Results are summarizedin Table F4.4-2. Based on site stratigraphy

and the characterof the observed data, the A2-aquifer zone is considered semiconf'med.

Results of the Hantush-Jacobanalysis areconsidered representative of A2-aquifer zone

conditions. Results of the Theis method areprovidedfor comparison.

Therangeof estimatedtransmissivitiesat the A2-aquiferzonemonitoringwellanddeepest
piezometersvariedbetween0.038ft2/min(S- 2.8x lff3) in piezometerPZ9.5-7(A2)and

_, 0.78 ft2/min (S = 1.6 x 10"3)in monitoringwell PT9-3(A2). Using an estimatedaverage

thickness of 6 feet, the correspondingrangeof hydraulicconductivitiesis 6.3 x 10-3 to 0.13

ft/min.

Time versus drawdownplots displayed significant flattening of the drawdowntrend. This
could be caused by either leakage from adjacentaquitard(s),a recharge boundary,or water

released outof storagefromnewlydewateredmaterial (delayedyield). The values of r/B
provided on the curve match plots of the Hantush semiconfined curves (Figures F4.4-16,

F4.4-18, and F4.4-20) indicate aquitardleakage. Because the time-drawdownplots were

closely matched to the type curves that neglect storagein the A1/A2 aquitard,the leakage can

be reasonably assumed to have passed throughthe aquitardfrom an overlying (or underlying)

aquifer.

Monitoring wells W09-18(A1) and W09-17(A2) were used as control wells in the A1- and

A2-aquifer zones, respectively. As shown in FigureF4.4--2,W09-18(A1) is located approxi-

mately 600feetnortheastof thepumpedwell. W09-17(A2)is locatedapproximately400feet
northeastof the pumpedweU. Thewaterlevelin W09-18(A1)decreasedby0.03footduring
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the pumping phase and increased by 0.02 foot during recovery. A similar response, possibly

_, indicative of influence by the pumping well, was observed in monitoring well W09-17(A2)

where a water level decline of 0.04 foot during pumping was followed by a 0.01-foot increase

during the recovery phase. As illustrated in Figure F4.4-21, which shows water level declines

as a function of radial distance from the pumped well, the magnitude of possible site-wide

water level changes observed in control wells is negligible.

Pumping influence for the A2-aquffer zone pump test closely mirrored the A 1-aquifer zone

pump test with smaller values of drawdown and a slightly smaller area of influence (Figure

F4.4-2). The pump test influenced wells at a maximum distance of 492 feet by the end of the

24-hour test (Figure F4.4-21). Transmissivity estimated from the distance drawdown plot is

0.11 ft2/min, which is comparatively close to values estimated from single well analysis.

F.4.4.7 Groundwater Quality

F.4.4.7.1 A1-Aquifer Zone

Three roundsof groundwatersamplingwere conductedduring the A1 pump test. Results did

not indicate obvioustrends in contaminantconcentrationsduringpumping. Aquifer test

sampling results for groundwater TCE concentrations ranged from 3,600 to 4,800 ppb during

the test. 1,1-DCE concentrations ranged from 22 to 150 ppb (Table F4.4-4).

F.4.4.7.2 ,42.Aquifer Zone

Three rounds of sampling were conducted during the A2 pump test. Results did not indicate

significant trends of contaminant concentrations. TCE concentrations ranged from 8,000 to

9,900 ppb during the test. 1,1-DCE concentrations ranged from 88 to 110 ppb (Table F4.4-5).

F.4.5 Pump Test 8, Site 9

Pump Test 8 was conductedto assessthe A1- and/O.-aquifer zonesand the intervening

A1/A2 aquiumt throughseparatepump testsin the A1- and A2-aquifer zones. The location

of the tests was chosen to characterizethe A1- and A2-aquifer zones in the areadirectly

downgradientof a suspectedcontaminantsourceat Building 88. This portion of Site 9 is also

within the high concentrationportion of the regional TCE groundwaterplume. Wells W09-

35(A1), W09-02(A1), W09-38(A1), andMEW-82(A1) make up a groupof wells showing

TCE concenwadonsbetween 5,000 and 10,000 ppb in the Al-aquifer zone (IT, 1991b). The

most downgradientmonitoring well of this group (W09-35[A1]) was pumpedfor the A1-
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aquiferzone constant dischargetest. Similarly,the A2-aquiferzone regional contaminant

plume has extended to this area. The A2-aquiferzone test vicinity is located downgradient of
the highest concentration of the A2-aquifer zone plume, which is centeredaroundwells W09-

14(A2) and MEW-4(A2) (IT, 1991b). The pumping wells are located approximately400 feet
downgradientof W09-14(A2).

F.4.5.1 New Wells/Piezometers Installed

Sevenpiezometerswereinstalledto assesstheA1- andA2-aquiferzonesand theintervening

A1/A2 aquitard (Table F4.5-1 and Figures F4.5-1 and F4.5-2). Al-aquifer zone piezometers

PZ9.8-2(A1), PZ9.8-4(A1), and PZ9.8-6(A1)were placed to fully penetrate the Al-aquifer

zone. Three A2 piezometers, PZ9.8-3(A2), PZ9.8-5(A2), and PZ9.8-7(A2), were placed to

fully penetrate the A2-aquifer zone. The aquitard piezometer PZ9.8-1(AQ) was placed in a
cluster with piezometers PZ9.8-2(A1) and PZ9.8-3(A2) and was screened over a 1-foot-thick

interval within the A1/A2 aquitard.

1:.4.5.2 Site-Specific Geology

The Al-aquifer zone is characterizedas a predominatelysandy to silty clay unit intercalated

with transmissive deposits of silty sands and gravels. In the north-southcross section, the A1

_' transmissive unit thins out to the south, and its northern extent is unknown (Figure F4.5-3).

The A1 permeable zone (sand channels) appears laterally continuous beneath the western half

of the site in the east-west cross section (Figure F4.5-4). The Al-aquffer zone permeable

zone varies significantly in thickness from 2.5 to 21 feet. The estimated average thickness is
8 feet.

The A2-aquifer zone consists of thin interfingering silty sands and gravels occurring at depths

ranging from 28 to 45.5 feet bls (Figures F4.5-3 and F4.5-4). The A2-aquifer transmissive

zone appears laterally continuous in the east-west cross section but may not be continuous in

the north-south cross section. The range of thickness of the A2-aquifer transmissive unit is 4

to 18.5 feet (Figure F4.5-4). The estimated average thickness is 10 feet.

The AI/A2 aquitard appears continuous in the east-west cross section and may be continuous

in the north-south extent. The aquitard lies approximately 26.5 to 29.5 feet bls at the

pumping wells and ranges in thickness from 3 to 13.5 feet.
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F.4.5.3Site-SpecificHydrogeology
In thevicinityof PumpTest8, the Al-aquiferzoneconsistsof interfingeringsandsand
gravelsas shownin FiguresF4.5-3andF4.5-4.Waterlevelsin A1-and A2-aquiferzone
monitoringwellsareabovethetopof theseunitssuggestingconfinedconditions;however,
due to thepresenceof manyinterbedsof claysandsands,theaquifersystemis consideredto
be semiconfined.

Groundwaterelevations were calculated from static water level measurementsobtained prior

to the constant dischargepumptest. FiguresF4.5-5 and F4.5-6 arepotentiometric surface

maps of the A1- and A2-aquifer zones, respectively. Local groundwaterflow in the A1-

aquifer zone is northeasterly in the vicinity of the pumping well. The approximatehorizontal

gradient is 0.004. Groundwater flow in the A2-aquifer zone is also northeasterly with an

approximate horizontal gradient of 0.005.

F.4.5.4 Overview of Testing

F.4.5.4.1 A 1-Aquifer Zone

A step-drawdowntestwasconductedon pumpingwell W09-35(A1)on September26, 1991

_, for 4 hours. The step-drawdown test was used to establish an optimal pumprate for the A1-

aquifer zone constant discharge pump test. See Section F.4.5.5.1 for a complete discussion of

thestep-drawdowntest.

A slug test was performed on the aquitard piezometer PZ9.8-1(AQ) to determine the hydraulic

conductivity of the ALIA2 aquitard. Slug tests were conducted at two other Site 9 locations

to investigate the hydraulic properties of the aquitard (refer to Sections F.4.2.7 and F.4.3.7).

The Al-aquifer zone pump test began on November 14, 1991. Pumping well W09-35(A1)

was pumped at 4.7 gpm for approximately 10 hours, 30 minutes. The test site was also moni-

tored for a 12-hour recovery period. The pumping well and 7 monitoring wells were moni-

tored with a data logger, and another 11 monitoring wells were monitored with calibrated

water level probes. Table F4.5-1 summarizes the pump test results for the wells and

piezometers observed during Pump Test 8. Monitoring well and piezometer locations are

shown relative to other Site 9 features in Figure F4.5-1. Quanttafive analyses were per-

formed on the pumped well and on piezometers PZ9.8-2(A1), PZ9.8-4(A1), and PZ9.8-6(A1).

Analytical methods and results are summarized in Table F4.5-2. The remaining monitoring
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wells and piezometers were monitoredto provide qualitativeinformationon the degree of

interconnectionbetween the A1- and A2-aquiferzones and on possible hcterogeneities within

the A1- and A2-aquiferzones. No drawdown was observedin the remaining monitoring
wells.

F.4.5.4.2 A2-Aquifer Zone

A step-drawdown test was conducted on well W09-20(A2) on September 27, 1991 for 4
hours, 46 minutes. Results of the test were used to establish an optimum pumping rate for

the A2-aquifer zone pump tesL See Section F.4.5.5.2 for a complete discussion of the step-
drawdowntesL

The A2-aqufferpump test began on November 19, 1991. Well W09-20(A2) was pumped at

14 gpm for approximately 24 hours. The test site was also monitor1 for a 19-hour recovery

period.Thepumpingwelland7 monitoringwellsweremonitoredwitha datalogger,and
another 11 monitoringwells were monitoredwith calibratedwater level probes (TableF4.5-
1). Monitoringwell and piezometer locations were shown relative to other Site 9 featuresin

Figure F4.5-2. Quantitative analyses were performedon the pumpedwell and on piezometers
PZ9.8-3(A2), PZ9.8-5(A2), PZ9.8-7(A2), and Pzg.8-1(AQ). Analytical methods and results

_, are summarized in Table F4.5-2. The remaining monitoringwells and piezometers were

monitored to provide qualitative information on the degree of interconnectionbetween the

A1- and A2-aquifer zones and on possible heterogeneities within the A1- and A2-aquifer
zones.

F.4.5.5 Step-Drawdown Test

F.4.5.5.1 ,41.Aquifer Zone

A step-drawdowntest was conductedSeptember26, 1991atpumpingwell W09-35(A1)to
determinethe optimumpumpingrate for the 24-hourconstantdischargetest.

The step-drawdowntest consisted of three steps of pumping at successively higher discharge

rates of 1.1, 2.4, and 5.7 gpm. The steps ranged from 30 minutes to 2 hours, 18 minutes with

a total test time of 4 hours. The f'wsttwo steps were pumpeduntil drawdownappearedstabi-

lized. A graphand table of the discharge rate and drawdownfor each step are shown in

Figure F4.5-7. The drawdownresulting from the three steps ranged from 0.95 to 5.'I feet
with a total drawdownof approximately7.5 feet at the end of the test. During the thirdstep,
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drawdowndid not stabilize. Fromreview of the time-drawdowndata and the specific

capacities completed for the first two steps, a dischargerate of 4.7 gpm is considered optimal.

F.4.5.5.2 A2.Aquifer Zone

The step-drawdown test was conducted on September 27, 1991 at pumping well W09-20(A2)

and consisted of five steps of pumping at successively higher discharge rates of 1.4, 3.0, 6.1,

12.0, and 23.0 gpm. The steps ranged from 28 minutes to 1 hour, 20 minutes with a total test

time of 4 hours, 46 minutes. Except for Step 5 (23 gpm), each step was pumped until

drawdown appeared to have stabilized (Figure F4.5-8). The drawdown resulting from the five

steps of this test ranged from 0.70 foot to greater than 20.1 feet with a total drawdown of
more than 20.8 feet. Drawdown data for the fifth step could not be quantitatively used

because stabilization for this step was not reached. The pumping well capacity appears to be

between 12 and 23 gpm. A rate of 14 gpm was chosen for the long-term aquifer test.

F.4.5.6 Aquifer Analysis

F.4.5.6.1 A1-Aquifer Zone

Transmissivity was estimated at the pumping well using the Theis recovery method (Figure

_, F4.5-9) and Cooper-Jacob Method (Figure F4.5-10). Transmissivity and storativity were
estimated from data obtained from three piezometers screened in the Al-aquifer zoneusing

the Theis method (Figures F4.5-11, F4.5-13, and F4.5-15) and the Hantush-Jacob method for

semiconfmed conditions (Figures F4.5-12, F4.5-14, and F.4.5-16). Results are presented in

Table F4.5-2. Based on site stratigraphy and the character of the observed data, the A1-

aquifer zone is considered semiconfined; therefore, results of the Hantush-Jacob analysis are

considered representative of Al-aquifer zone conditions. Results of the Theis method are

provided for comparison.

Transmissivity was also estimated at the pumping well using the Theis recovery method

(Figure F4.5-9) and the Cooper-Jacob Method (Figure F4.5-10). The recovery data are very

strongly displaced toward the left of the theoretical position of the curves. This effect

suggests that recovery is incomplete and is consistent with lateral pinching out of sand zones

as suggested by analysis of the drawdown curves. The evaluation of the pumping data

confirms that the transmissivity obtained from the recovery data is representative of the

aquifer.



The range of transmissivities at the A1 piezometers investigated during Pump Test 8 ranged

from 0.074 ft2/min (S = 5.1 x 10"3)in piezometer PZ9.8-2(A1) to 0.74 ft2/min (S = 4.0 x

10"3) in piezometer PZ9.8-4(A1). Using an estimated average thickness of 8 feet, the

corresponding range of hydraulic conductivity is 0.0093 to 0.093 ft/min. Transmissivity at

the pumping well was estimated to be 0.541 ft2/min (Table F4.5-2).

Semiconfined curves matched the early time data well. The values of r/B provided on the
curve match plots of the Hantush semiconffmedcurves (FiguresF4.5-12, F4.5-14, and F4.5-

16) indicate aquitard leakage. Because the time-drawdown plots were closely matched to the

type curves that neglect storage in the aquitard,the leakage may have passed through the

aquitard from the underlying aquifer. As discussed in Section F.4.5, a vertical hydraulic

gradient exists from the A2-aquffer zone to the A1-aquiferzone.

An important aspect of the pump test results for the Al-aquifer zone pump test is the

existence of a possible limiting boundary affecting the Al-aquifer zone. The drawdown trend

in the pumping well exhibits a flattening of the response curve followed by a sharp positive

deviation from approximately 4 hours after pumping began. This trend continued until the

water level encroached on the well screen 10 hours after the test began.

The following are two possible causes for the observed Al-aquifer zone boundary effect:

• Low permeability boundary to horizontal flow exists between the pumping well
and the A1 monitoring wells and piezometers.

• Vertical stratification may exist near the pumping well screen interval.

Both of these conditions would cause decreasing yield with time resulting in an increased rate
of drawdown.

Two background monitoring wells were used to monitor background conditions during the

pumping and recovery phases of the A1 pump test. Al-aquffer zone monitoring well W09-

37(A1), located approximately 615 feet south of the pumping well (Figure F4.5-1), exhibited

a 0.01-foot decline in water level during the pumping phase of the test with a 0.03-foot

decline during the recovery phase. A2-aquifer zone monitoring well W09-17(A2), located

approximately 500 feet south of the pumped well, behaved similarly with a 0.02-foot decline

in water level during pumping followed by an additional decline of 0.01 foot during the
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recovery phase. As shown in FigureF4.5-16, the threepiezometers used to collect data for

the quantitativeanalysis were locatedwithin 55 feet of the pumped well and experienced

drawdownsgreaterthan 0.3 foot. A site-wide change in water level appearsto have affected

the A 1- and A2-aquifer zones during the pump tesL Although the magnitudeof this change

may be up to 10 percent of the total water level change during the pump test, its effect is

considered negligible.

The pump test influenced Al-aquifer zone piezometers at a maximum distance of 53.5 feet by

the end of the lO-hour test (Figure F4.5-17). The short duration of the test and the low

discharge rate precluded the development of a substantial area of influence (Figure F4.5-1).

F.4.5.6.2 A2-Aquifer Zone

Values of transmissivity and storativity were calculated from data obtained at five wells or

piezometers (Table F4.5-2). The deepest piezometers were analyzed using the Theis method

and the Hantush-Jacob method for semiconfined conditions (Figures F4.5-17 through 1=4.5-

24). Based on site stratigraphy and the character of the observed data, the A2-aquifer zone is

considered semiconf'med; therefore, results of the Hantush-Jacob analysis are considered

representative of A2-aquifer zone conditions. Results of the Theis method are provided for

_, comparison.

The pumping well was analyzed using the Theis recovery method (Figure F4.5-16). Recovery

data define a line that appears to be stronglyshifted to the right of the theoretical position of

the recovery curve. This shift suggests that the aquifer has received recharge from an

adjacent layer.

The range of estimated transmissivities at the A2-aquifer zone piezometersvaried from 0.11

ft2/min (S = 2.3 x 10"3)in piezometer Pzg.8-1(AQ) to 0.33 ft2/min (S - 0.066) in piezome-

ter Pzg.8-3(A2). Using an estimated average thickness of 10 feet, the corresponding range

of hydraulic conductivity is 0.011 to 0.033 ft/min. Transmissivity at the pumping well was

estimated to be 0.47 ft2/min (Table F4.5-2). The piezometer designated as the aquitard

piezometer experienced drawdown during pumping, and, therefore does not appear representa-

tive of the aquitard material. Alternatively, the observed dmwdown may indicate that the

ALIA2 aquitard in this vicinity allows interconnection between the A1- and A2-aquifer zones.



The values of r/B provided on the curve match plots of the Hantush semiconirmedcurves

(Figures F4.5-18 through F4.5-24) indicate aquitard leakage. Because the time-drawdown
plots were closely matched to the type curves that neglect storage in the aquitard, the leakage

can be reasonably assumed to have passed through the aquitard from an overlying (or

underlying) aquifer. Further, the transmissivity estimated from piezometer PZ9.8-1(AQ) is

the same order of magnitude as other A2-aquifer zone transmissivity estimates. This implies

that the A1/A2 aquitard may not act as a barrier to groundwater flow in this area.

Background water levels were monitored in monitoring well W09-37(A1) located 615 feet

from the pumping well (Figure F4.5-2). The water level in the Al-aquifer zone fell 0.02 foot

during pumping and rose 0.02 foot during recovery. This may indicate an effect due to

pumping in the A2-aquifer zone rather than one caused by site-wide water level changes. As

illustrated in Figure F4.5-25, the four piezometers involved in the quantitative analysis were

located within 50 feet of the A2-aquifer zone pumping well and exhibited water level changes

greater than 1 foot during the pump test. The relatively small water level changes observed
in the background well are therefore considered to have negligible effects on the results of

quantitative analysis.

The pumptest influencedwellsat a maximumdistanceof 476 feet from the pumpingwell by
the end of the 24-hour test. Somesite wells respondedwith more drawdownthan thosewells

closer to the pump (FigureF4.5-25). Also, the resultingshapeof the area of influenceis
irregular(FigureF4.5-2). This is most likely the result of variationsin aquifergeometryand
hydraulicproperties.

The pre-pumping test vertical hydraulichead between the A1- and A2-aquifer zones was 0.08

foot between wells W09-20(A2) and W09-35(A1) (Table F4.5-3). This head difference

indicates the potential for flow from the A2- to the Al-aquifer zones.



F.4.5.7 Slug Test Analysis

A slugtest was performed on the piezometerPZ9.8-1(AQ). The reportedtransmissivity, stor-

ativity, and hydraulic conductivity values are probably not representative of aquitard charac-

teristics as noted previously (Sections F.4.2.7 and F.4.3.7). The method of Cooper, et al.

(1967) was used to analyze the slug test data. The calculated value of transmissivity was

1.1 x 10.2 ft2/min. Storativity was 1 x 10-6. Assuming an aquitard thickness of 11 feet, the

hydraulic conductivity is 1.0 x 10-3 ft/min (Figure F4.5-26).

F.4.5.8 Groundwater Ouality

F.4.5.8.1 A1.Aquifer Zone
The A1 pump testended prematurely2 hoursafter the first 8-hour sample,and resultsarc

inconclusive (Table F4.5-4). TCE was the most prominent compounddetectedwith a

concentration of 3,100 ppb.

F.4.5.8.2 .42-Aquifer Zone

Three rounds of sampling were conducted during the A2 pump test. Results indicate that

pumping created no significant change in contaminant levels. Aquifer test sampling results

for groundwater TCE concentrations ranged from 12,000 to 14,000 ppb. 1,1-DCE concentra-

tions ranged from 190to 200 ppb during the test (Table F4.5-5).



F.5.0 Summary and Conclusions

Pump tests were conductedat Site 8, the Waste Oil TransferArea, and Site 9, the Old Fuel

Farmand Old NEX Auto Service Station, to obtaindata necessary for the characterizationof

the A-aquif_"system. Testing was conducted duringOctober and November 1991. Data

requiredfor aquifer characterizationincludedspecific capacity, transmissivity,figure of the

aquifer zones, and radius of influence.

Results of a single pump test at Site 8 indicate that the A1- and A2-aquiferzones make up a

single semiconfmed zone with estimatedtransmissivitiesrangingfrom 8.19 to 18.14 ft2/min.

Storativities were typical for semiconfined to confined conditions and ranged from 0.0003 to

0.0069. The estimated average thickness of the aquifer zone is 15 feet. These data arc
summarizedin Table F5-1.

Pumping was conductedat a constant rate of 15 gpm over approximately24 hours and
affected wells to a radialdistanceof approximately300 feet. The configurationof the

induced cone of depression does not appearaffected by majorlateral variationsin aquifer

geometry or hydraulicproperties. Localized zones of recharge were not observed. Relatively

uniformsite-wide rechargefrom an underlyingor overlying zone resulted in the classification

of the aquifer as scmiconfined; however, the magnitudeof this recharge is small, implying
that hydraulicconnection between the A1- and A2-aquiferzones and adjacentmaterials is not
extensive.

Four pump tests were conductedat Site 9. Results of the tests indicate that the A-aquifer

system in this vicinity comprises two interconnectedzones, designated A1 and A2. Hydraulic

parametersof the A1- and A2-aquifer zones are summarizedin Table F5-2.

Estimated transmissivitiesin the Al-aquifer zone ranged from 0.54 to 29.55 ft2/min.

Estimatedstorativides ranged from 0.01 to 0.04 and exceeded typical values for semiconfined

conditions. The high estimated storatividesmay be due to model bias or may imply inelastic

aquifer deformation in response to falling pore pressuresduringpumping. If this is the case,

it is anticipated that land subsidencemay be an importantconsiderationin future groundwater

extraction programs.



Estimatedtransmissivitiesin theA2-aquffer zone ranged from 0.29 to 36.81 ft2/min.

_, Storativityrangedfrom0.0002 to 0.49. The majorityof the stomtivityestimateswere near

the geometricmeanof 0.002,which is typical forscmiconfinedconditions.

Estimated hydraulic parametersof the A1- and A2-aquiferzones appear to be more closely
relatedto the horizontalcoordinatethan to the aquiferzone. Both zones exhibiteda relatively

wide range in aquifer parameters, implying that preferredmigrationpathways for groundwater
contaminantsexist in the vicinity of Site 9. Groundwaterdeclines induced in the A1- and

A2-aquifer zones duringconstantdischarge pumping exhibitednorth-southelongation, thus

providingfurtherevidence of aquiferheterogeneity.

Analysis of the A1/A2 aquitardat Site 9 is summarizedin Table F5-3. Hydraulicconductivi-

ties estimated from slug test dataand geotechnical testing ranged from 9.1 x 10"5to 1.0 x l0 "3

ft/min and provided furtherevidence of lateralheterogeneityin the A-aquifer system.

Further,hydraulicconnection between the A1- and A2-aquiferzones is supportedby the
relatively high hydraulic conductivities estimated at some aquitard test locations.

Chemicalanalysis of groundwater collectedfrompumping wells during aquifer testing

indicatedthat concentrationsof VOCsare stableover24-hourmeasurementperiods.

g2q/Wl_.Al_(92)j07-22-92_5
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TABLE F4.0-1
Net Drawdowns in Observation Wells and Piezometers for

End of Pump Tests, Sites 8 and 9
Moffett Field

Page 1 of 3

PUMP TEST 7 - CALCULATED DRAWDOWN DATA FOR PUMPING

WELL W08-06 PZS.7-1 W08-02 PZ8.7-2 W08-01 WO8-12 W08-10 W08-05 W08-11 W08-04 MEW-92

WELL (A1-A2) (A-l) (A-2) (A-l) (A-l) (A-2) (A-l) (A-l) (k-2) (A-l) (A-l)

Distance (ft) 0 45.3 46.6 80 140 200 153 173 277 287 350

Drawdown fit) 7.601 0.609 0.536 0.449 0.205 0.291 0.362 0.158 0.18 0.17 0.14

Drawdown is taken from 1375 minutes.

PUMP TEST 1 - CALCULATED DRAWDOWN DATA FOR PUMPING

WELL W09-09 W56-01 FP9-2 PZ 9.1-1 PZ 9.1-4 PZ 9.1-2 PZ9.1-3 W09-47 W56-02 W09-02 W09-13

(A-2) (A-l) (AQ) (A-l) (A-2) (A-2) (A-I) (A-l) (A-l) (A-2)

Distance fit) 0 7.5 8 25.4 25.4 25.4 65.5 106 115 130.5 139.3

Drawdown (ft) 7.07 1.101 1.045 2.31 1.823 3.139 1.75 0.618 0.82 0.91 1.62

Drawdown is taken from 1,405 minutes.

PUMP TEST 3 - CALCULATED DRAWDOWN DATA FOR PUMPING

WELL W09-22 PZ 9.3-1 PZ 9.3-2 PZ 9.3-3 PZ 9.3-4 PZ9.3-5 W29-03 W29-09 F'Ix)-I W29-08 W29-02

(A-2) (AQ) (A-l) (A-2) (A-I) (A-2) (A-l) (A-2) (A-2) (A- I)

Distance (ft) 0 14.3 14.3 14.30 25 25 77.5 68 73 111 105

Drawdown (ft) 5.235 0.97 0.862 3.86 0.827 3.859 0.43 3.044 0.75 1.08 0.36

KN/WIRI25AIaI:.41/03-29-92/F1
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TABLE F4.0-1

Page 2 of 3

WELL W9-6 W9-1 W09-27 W29-06 W09-31 W09-26 W09-28 W61-01 W29-05 W09-35

(A-l) (A-l) (A-2) (A-l) (A-I) (A-l) (A-2) (A-l) (A-l) (A-l)

Distance fit) 197 230 300 205 213 362 383 270 356 650

Drawdown (It) 0.23 0.18 0.12 0.3 0.35 0.03 0.2 0.07 0.07 0

Drawdown is taken from 1,375 minutes.

PUMP TEST 5(A1) - CALCULATED DRAWDOWN DATA FOR PUMPING

WELL W09-38 W09-41 PZ9.5-6 PZ9.5-7 PZ 9.5-1 PZ 9.5-4 PZ9.5-5 P'I9-2 PT9-3 W09-16 W09-19

(A-1) (A-2) (A-1) (A-2) (AQ) (A-1) (A-2) (A-1) (A-2) (A-1) (A°1)

Distance (ft) 0 15 36.7 34.7 43.7 46.7 41 223 223 240 303

Drawdown fit) 7.073 1.13 1.604 0.937 1.034 1.319 0.506 0.97 0.36 0.54 0.7

WELL W09-37 W09-17 MEW 46 W09-36

(A-l) (A-2) (A1-A2) (A-2)

Distance (ft) 292 383 421 484

Drawdown fit) 0.06 0.09 0.16 0.14

Drawdown is taken from 1,555 minutes.

PUMP TEST 5(A2) - CALCULATED DRAWDOWN DATA FOR PUMPING

WELL W09-41 W09-38 PZ9.5-6 PZ 9.5-7 PZ 9.5-1 PZ 9.5-4 PZ9.5-5 PT 9-2 PT 9-3 W09-37 W09-16

(A-2) (A- l) (A-1) (A-2) (AQ) (A-1) (A-2) (A-1) (A-2) (A-1) (A-1)

Distance (ft) 0 15 21.9 19.9 53.7 56.7 51.7 208 208 292 234

Drawdown (ft) 6.229 0.142 0.256 1.707 1.359 0.202 0.721 0,12 0.13 0.01 0.07

KN/WP625APF.41/03-29-92/F1
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TABLE F4.0-1

Page 3 of 3

WELL W09-19 W09-17 W09-36 W09-14 W09-18 MW09-44 W09-08 W09-40

(A-l) (A-2) (A-2) (A-2) (A-l) (A-l) (A-2) (B-2)

Distance (ft) 288 380 472 420 574 492 500 508

Drawdown fit) 0.08 0.03 0 0.02 0.01 0.07 0.03 0.02

Drawdown is taken from 1480 minutes

PUMP TEST 8(A1) - CALCULATED DRAWDOWN DATA FOR PUMPING

W09-35 W09-20 PZ 9.8-1 PZ 9.8-2 PZ 9.8-3 PZ 9.8-5 PZ9.8-4 PZ9.8-6 PZ9.8-7 W09-15

TIME (A- l) (A-2) (AQ) (A-l) (A-2) (A-2) (A-l) (A-1) (A-2) (B-2)

Distance fit) 5 12.2 12.2 30.2 53.5

Drawdown (ft) 14.32 0.333 0.368 0.944 0.217 0.056 0.331 0.297 0.26 0.03

Drawdown is taken from 620 minutes

PUMP TEST 8(A2) - CALCULATED DRAWDOWN DATA FOR PUMPING

WELL W09-20 W09-35 PZ 9.8-1 PZ 9.8-2 PZ 9.8-3 PZ9.8-4 PZ9.8-5 PZ9.8-7 PZ9.8-6 W09-15

(A-2) (A-1) (AQ) (A-1) (A-2) (A-1) (A-2) (A-2) (A-1) (B-2)

Distance (ft) 0 5 12.2 12.2 12.2 30.2 30.2 48.5 48.5 92

Drawdown fit) 17.159 1.056 2.681 1.007 1.303 0.183 1.854 1.859 0.44 0.15

WELL W09-21 W09-28 W09-36 W09-33 W09-14 W09-18 W09-17 W09-23 W09-37

(A-2) (A-2) (A-2) (A-2) (A-2) (A-1) (A-2) (A-1) (A- 1)

Distance (ft) 243 334 336 305 346 387 476 321 582

Drawdown (ft) 0.15 0.17 0.08 0.09 0.27 0.07 0.08 0.06 0.02

Drawdown is taken from 1315 minutes

KN/WIa625APF.41/03-29-92/F1
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TABLE F4.1-1
DESCRIPTION OF WELLS AND PIEZOMETERS

PUMP TEST 7, SITE 8
MOFFETI"FIELD

Well Screened FilterPack Casing DistanceFrom Pumping

Daslgnalkxl Well Inte_al (ft) Interval(ft) Diam.(in) PumpingWell (.ft) Influence Comments

IPumpingWell W08-S(A1-A2) 17 to 37 15 to 40 4 N/A Y Monitor w/transducer I

[ Piezomet_r PZ 8.7-1(A1) 2g.5 to 44.5 27 to 45 2 45.3 Y Monitor w/transducer IPiezomete( PZ 8.7-2(A,1) 2g.5 to 44.5 27.5 to 45 2 80 Y Monitorwl transducer I

MonitoringWell MEW-92(A1) 18 to 33 16to 35 4 350 Y Monitor w! W.L. meter
MonitoringWell MEW-82(B2) 71 to 86 67 to 88 4 350 N Monitorw/W.L, meter
MonitoringWell W08-01(A1) 19.8 to 30 18to 30 2 140 Y Monitor w/transducer
MonttorlngWell W08-02(A2) 43 to 45 39 to 50.5 4 46.6 Y Monitor w/transducer
MonitoringWell W08-O4(A1) 17to 22 15.3 to 22.5 4 287 Y Monitor w! W.L. meter
MonitoringWell W08-05(A1) 21.5 to 26.5 18to 28.5 4 173 Y Monitor w/transducer
MonitoringWell W08-08(A1) 16to 26 14to 27 4 610 N Monitor w/W.L, meter
MonitoringWell WOO-10(A1) 24 to 34 22 to 37 4 153 Y Monitorw/transducer
MonitoringWell W08-11(A2) 28 to 38 26 to 40 4 277 Y MorCtorw/W.L, meter
MonitoringWell W08-12(A1) 23 to 33 21 to 40 4 200 Y Monitor w/transducer
4ores:

N/A: NotApplicable
PZ: Piezometer
W.L: Water Level meter
MEW: Middlefleld-EIIis-WismanRI/FS Well
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Table F4.1-2

AquiferClassificationand PumpTestAnalyticalResults
PumpTest7, Site 8

MoffettField

Distance Transmissivity
Well Number FromPump Aquifer AnalyticalMethod (ft2/min) Storativity

Classification

W08-06(A2-A2) 0 Semiconfined TheisRecovery 2.16 N/A

PZ8.7-1(A1) 44.3 Semiconfined Cooper-JacobMod. 2.50 1.9 x 10-4
HantushLeakyStorage) 1.42 6.2 x 10-4

PZ8.7-2(A1) 80 Semiconfined Cooper-JacobMod. 2.67 6.6 x 10-4
Hantush-Leaky(NoStorage) 2.43 9.2 x 10-4

W08-10(A1) 153 Semiconfined HantushLeaky(Storage) 1.24 3.8 x 10.5

W08-12(A1-A2) 200 Semiconfined HantushLeaky(Storage) 1.00 1.1x 10-4

KN/WP813F.412(132)/07-22-92/F1



TABLE F4.1-3
A1/A2 AQUIFER ZONE HEAD DIFFERENTIALS

PUMP TEST 7, SITE 8
MOFFETI' FIELD

VerticalHead Elevationof IWellPairs Difference(ft.) Head(ft, msl) Notes

WS-04(A1), W8-11 (A2) 0.78 -1.64, -2.42 verticalflowfrom A1 to A2
WS-06(A1 -A2), WS-02(A2) 0.21 -1.88, -2.09 verticalflow from A1 to A2

CAI_lt.MDP2.WK_



Table F4.1-4

_, Groundwater Analytical Results
Pump Test 7, Site 8

Moffett Field

WELL No. W08-06 (A1)

Date Sample Taken 4/24/91 1!/25/91 11/26/91 11/26/91
Time Samples Taken Quarterly Sampling 23:05 08:15 15:00

2Q91 7.2 Hours" 16.4 Hours 22.9 Hours

COMPOUND CRQLb UNITs

1,1,1-Trichloroethane 10 ug/L_ 45 27 24 21
1,1-Dichloroethane 10 ug/L 12 10 10 J 8
1,1-Dichloroethene 10 ug/L 12 10 10 J 7
Methylene Chloride 10 ug/L J 10
Trichloroethene 10 ug/L JJ 7 J 4 J 2

NOTES: a Pump test began at 1553 on 11/25/91.
b CRQL = Contract Required Quantitation Limit.
c ug/L, = parts per billion (ppb).

J = Estimated value.

LW003July
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TABLE F4.2-1

DESCRIPTION OF WELLS AND PIEZOMETERS
PUMP TEST 1, SITE 9

MOFFETI' FIELD

Well Screened Filter Peck Casing Distance From Pumping

Designation Well Interval (It) Interval(fl) Diam.(in) PumpingWell Infl,uence . €omments. .

pumpingwell W09-0g(A2) 35' TO 45' 33.5 to 46 4 N/A Monitorw/transducer I

Piezometer PZ9.1-1(AQ) 28.5 to 29.5 28.4 to 29.5 2 25.4 Y Monitorw/transducer
Piezometer PZ9.1-2(A2) 32.7 to 47.7 31 to 49 2 25.4 Y Monitorw/transducer
Piezometer PZ9.1-3(A2) 30 to 45 28.5 to 45 2 65.5 Y Monitorw/transducer
Piezometer PZ9.1-4(A1) 15.5 to 25.5 14.2 to 25.5 2 25.4 Y Monitor w/transducer

MoniodngWell FPg-2 7 to 22 6 to 23 4 8 Y Monitorw/transducer
MonitoringWell W09-47(A1) 4 106 Y Monitorw/transducer
MonitoringWell W56-01(A1) 10.5 to 25.5 7.2 to 26 4 7.5 Y Monitorw/transducer
MonitoringWell W56-32(A1) 10.5 to 24.5 7 to 25.5 4 115 Y Monitor w/W.L meter
MonitoringWell W09-01(A1) 19.8 to 30 18 to 30 2 206 Y Monitorw/W.L meter
MonitodngWell W09-02(A1) 20.8 to 31 18to 31 2 130.5 Y Monitor w/W.L, meter
MonitoringWell W09-06(A1) 15.2 to 25.2 12.8 to 26.5 4 240 Y Monitorwl W.L. meter
MonitoringWell W09-07(A1) 13.3 to 33.3 10 to 35 4 131.2 Y Monitorw/W.L meter
MonitoringWell W09-13(A2) 38 to 43 38 to 46 4 139.3 Y Monitorw/W.L meter
MonitoringWell W09-25(A2) 29.5 to 39.5 27.5 to 42 4 260 Y Monitor w/W.L, meter
MonitoringWell W09-31(A1) 21 to 26 19 to 27 4 538 N Monitor w/W.L meter
MonitoringWell W09-34(A2) 27 to 42 25.5 to 44.8 4 353 Y Monitor wl W.L. meter
MonitoringWell W09-39(B2) 86 to 96 82 to 97 4 270 Y Monitor w/W.L, meter
MonitoringWell W09-22(A2) 37 to 47 35 to 50 4 437 Y Monitor w/W.L, meter
MonitoringWell * W0o_28(A2) 38 to 46 38 to 50 4 692 N Monitor w/W.L meter
Mon_.oringWell * W09-20(A2) 30 to 46 28 to 46.5 4 785 N Monitor w/W.L meter

Notes:

N/A: NotApplicable PZ: Piezometef
FP: Free ProductWell W.L.: Water LevelMeter

*monitoredforrecoveryonly
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Table F4.2-2

Aquifer Classification and Pump Test AnalyUcal Results
Pump Test 1, Site 9

Moffett Field

Distance Transmissivity
WellNumber FromPump Aquifer AnalyticalMethod (ft2/min) Storativity

Classification

W09-09(A2) 0 Semiconfined Theis Recovery 1.07 N/A
(Pumpingdata) NeumanPartialPenetration 0.70 N/A

PZ9.1-2(A2) 25.4 Semiconfined Theis 0.71 1.2 x 10-4
HantushLeaky(No Storage) 0.75 1.2 x 10-4

PZ9.1-3(A2) 65.6 Semiconfined Theis 1.52 7.2 x 10-s
Hantush-Leaky(No Storage) 1.64 7.1 x 10-5

W09-13(A2) 139.3 Semiconfined Theis 3,31 4.0 x 10.6
HantushLeaky(No Storage) 2,74 1.1 x 10-5

W09-25(A2) 260 Semiconfined Theis 5.0 3.5 x 10-4
HantushLeaky(No Storage) 4.8 3.7 x 10-4

KN/WP813F.422(132)/07-22-92/F1



TABLE F4.2-3
A1/A2 AQUIFER ZONE HEAD DIFFERENTIALS

PUMP TEST 1, SITE 9
MOFFETI"FIELD

I Vertical Head ElevationofWell Pairs Difference(ft.) Head (ft, msl) Notes

W9-07 (A1), W9-13(A2) 0.19 10.13,10.32 verticalflowfrom A2 to A1
FPg-02, W9-09(A2) 0.89 8.84,9.73 verticalflow from A2 to A1

C:IZWJ_OFLWlO_



Table F4.2-4
Neuman-Witherspoon Ratio Method

for PZ9.1-1(AQ)
Pump Test 1, Site 9

NAS Moffett Field

Terms:

PumpedAquifer = A2.
s = drawdown observed (pumped aquifer)(ft)
sc = drawdown observed (aquitard)(fl)
r = distance of PZ9.1-l(aq)from pump = 25.5 feet
t = time in minutes
T = transmissivity= 4.36 ft 2min(pumped aquifer)
S = storativityinA2 = 3.4E-03
uc= Neuman-Witherspoonsolutionforaquitards
u = Theissolutionfor aquifers
z = distancefrom aquitardpiezometerscreento top of A2= 1.5 feet
K' = verticalhydraulicconductivityof aquitard
Ss' = specificstorageof aquitard,from laboratorytesting= 6.07E-04

1 minute(tl) 2 minutes(t2) 4 minutes(t'3) 6 minutes(t4)
S sc S SC S SC S SC

1.267 0.063 1.666 0.079 1.958 0.193 2.106 0.294

sc/s =W(u,u_)/W(u) 0.0497 0.0474 0.0986 0.1396

u =rzs/4_ 1.268E-01 6.338E-02 3.169E-02 2.11:3E-02

l/u=* 0.82 0.71 1.00 1.40

K'/Ss'** 0.461 0.199 0.141 0.131

Mean K'/Ss' = 0.233

Vertical HydraulicConductivityfor the aquitard,K' = 1.412-04 ft/min

*-1/u isobtained using Neuman-Witherspoon's nomogram
**- K'/Ss' = 1/u€ *z2/4'

V



Table F4.2-5

Groundwater Analytical Results
Pump Test 1, Site 9

Moffett Field

WELL No. W09-09(A2)

Date Sample Taken 5/16/91 11/23/91 11/23/91
Time Samples Taken Quarterly Sampling 14:00 22:00

2Q91 17.75 Hours" 25.75 Hours

COMPOUND CRQLb UNITs

1,1,1-Trichloroethane 10 ug/Lc jd 22 J 13
1,1-Dichloroethane 10 ug/L J 33 J 25
1,1-Dichloroethene 10 ug/L J 49 J 24 24
1,2-Dichloroethene (Total) 10 ug/L 63 J 56 60
Methylene Chloride 10 ug/L J 25 230 200
Trichloroethene 10 ug/L 2,200 1,900 1,800

NOTES: a Pump test began at 2015 on 11/22/91.
b CRQL = Contract Required Quantitation Limit.
c ug/L = parts per billion (ppb).
d j _- Estimated value.

_lr LW003Jnly
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TABLE F4.3-1

DESCRIPTION OF WELLS AND PIEZOMETERS
PUMP TEST 3, SITE 9

', MOFFETI' FIELD

Well Screened FiltmPack Casing DistanceFrom Ptxnplng
Designation Well Interval(It) Intefvel(It) DIBn.(in.)PumpingWell(It) Influence Comments

JPumptngWell Wg-22(A2) 37to 47 35 to50 4 NIA Y Monitorw/transducer ]

Piezometer PZ9.3-1(AQ) 28 to 29 27.5 to 29.5 2 14.3 Y Monitor wl transducer
Piezometef Pzg.3-2(A1) 15to 20 14 to 20.5 2 14.3 Y Monitor w/transducer
Piezometer PZ9.3-3(A2) 39 to 49 34.5 to 50 2 14.3 Y Monitor w/transducer
Piezometer PZ9.3-4(A1) 15.6 to 20.6 14 to 20.6 2 25 Y Monitor wl transducer
Piezometer PAg.3-5(A2) 40 to 50 38 to 51 2 25 Y Monitor w/transducer

MonitoringWell FP9-1 5 to 19.5 4 to 20 4 73 Y Monitor w/W.L meter
MoNtodngWell W09-O1(A1) 19.8 to 30 18 to 30 2 230 Y Monitor wl W.L. meter
MonitodngWell W09-06(A1) 15.2to25.2 12.8to28.5 4 197 Y Mon#orw/W.L meter
MonitodngWell W09-26(A1) 7 to 17 8 to 17.4 4 362 Y Monitor w/W.L, meter
MonitoringWell W09-27(A2) 37.8 to 47.8 35.8 to 49 4 300 Y Monitor w/W.L meter
MonitodngWell W09-28(A2) 38 to 48 38 to 50 4 383 Y Monitor w/W.L meter
MordtodngWell W09-31(A1) 21 to 26 19 to 27 4 213 Y Monitor w/W.L, meter
MonltodngWell W09-35(A1) 14 to 24 12 to 25 4 650 N Monitor w/W.L meter
MonitoringWell W29-02(A1) 7.5 to 17.5 5.3 to 20 4 105 Y Monitor w/W.L, meter
Monitol'ingWell W29-03(A1) 10.5 to 20.5 7 to 25 4 77.5 Y Monitor wl transducer
MonitoringWell W29--05(A1) 10.5 to 20.5 7.5 to 30 4 356 N Monitor w/W.L, meter
MonitodngWell W29-06(A1) 10.5to 20.5 7 to 30 4 205 Y Monitor w/W.L, meter
MonitoringWell W29-08(A2) 37 to 47 32.6 to 47.5 4 111 Y Monitor w/W.L, meter
MorttodngWell W2_:09(A2) 38 to 48 34.5 to 49 4 68 Y Monitor w/transducer

MonitoringWell W61-01(A1) 7.5 to 17.5 5 to 20 4 270 N Monitor w/W.L meter
Notes:

N/A: NotApplicable PZ: Piezometer
FP: Free PloductWell W.L.: Water Levelmeter
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Table F4.3-2

Aquifer Classification and Pump Test Analytical Results
Pump Test 3, Site 9

Moffett Field

Distance Aquifer Transmissivity
WellNumber FromPump Classification AnalyticalMethod (ft2/min) Storativity

W09-22(A2) 0 Semiconfined TheisRecovery 0.28 N/A

PZ9.3-3(A2) 14.3 Semiconfined Theis 0.32 8.8 x 10-5
HantushLeaky(NoStorage) 0.32 8.7 x 10.5

PZ9.3-5(A2) 25 Semiconfined Theis 0.30 6.8 x 10-5
Hantush-Leaky(NoStorage) 0.29 6.8 x 10-5

W29-08(A,?.) 111 Semiconfined Theis 0.66 1.5 x 10-3
HantushLeaky(NoStorage) 0.53 1.5 X 10.3

KN/WP813F.432(132)/07-22-92/F1



TABLE F4.3-3
A1/A2 AQUIFER ZONE HEAD DIFFERENTIALS

PUMP TEST 3, SITE 9
MOFFE'IT FIELD

I VerticalHead ElevationofWellPairs Difference(ft.) Head(ft, msl) Notes

W9-23(A1 ), wg-28(A2) 0.3 8.34, 8.64 vertical flow from A2 to A1

C:%ITII_MOI_W_



Table F4.3-4
Neuman-Witherspoon Ratio Method

for PZ9.3 - 1 (AQ)
PumpTest 3, Site 9
NASMoffett Field

Terms:
Pumped Aquifer = A2
s = drawdown observed (pumped aquifer) (ft)
sc = drawdown observed (aquitard) (ft)
r = distance of PZ9.1-1 (aq) from pump = 14.3 feet
t = time in minutes
T = transmissivity = 2.31 ft2/min(pumped aquifer)
S = storativityin A2=6.84E-04
u== Neuman-Whitherspoon solutionfor aquitards
u = Theis solutionfor aquifers
z -- distancefrom aquitardpiezometerscreento top of A2=8.5 feet
K' -- verticalhydraulicconductivityof aquitard
Ss' = specificstorageof aquitarad,from laboratorytesting=1.95E-04

6 minutes(tl) 10 minutes(t2) 24 minutes(t3)

s sc s I sc s I sc1.86 0.060 2.19 0.10 2.75 0.21

sc/s = W(u,u=)/W(u) 0.032 0.046 0.076

u = r2_4Tt 2.52E-03 1.51E-03 6.31E-04

l/u= * 0.45 0.52 0.72

K'/Ss'** 1.355 0.939 0.542

Mean K'/Ss'= 0.945

VerticalHydraulicConductivityfor theaquitard,K' = 1.84E-04 ft/min

* - l/u=is obtainedusingNeuman-Witherspoon'snomogram
** - K'/Ss' = lluo * z_4t



Table F4.3-5
Groundwater Analytical Results

Pump Test 3, Site 9
Moffett Field

WELL No. W09-22 (A2)

Date Sample Taken 5/14/91 11/07/91 11/08/91 11/08/91 11/08/91b
Tune Samples Taken Quarterly 22:30 07:00 14:00 14:10

Sampling 7.9 Hours" 16.4 Hours 23.4 Hours
2Q91

COMPOUND CRQL" UNITs

l,l-Dichloroethane 10 ug/Ld J" 26 J 26
1,1-Dichloroethene 10 ug/L J 55 J 72 J 68 J 58 J 52
1,2-Dichloroethene (Total) 10 ug/L 160 J 160 J 160 J 160 J 140
Methylene Chloride 10 ug/L J 40 J 210 J 110 J 110 J 250
Trichloroethene 10 ug/L 3,300 3,900 3,600 3,200 2,900

NOTES: a Pump test began at 1435 on 11/07/91.
b Field Duplicate.
c CRQL= ContractRequiredQuantitationLimit.

d ug/L = parts per billion (ppb).
J = Estimated value.

LW003Juiy
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TABLE F4.4-1

DESCRIPTION OF WELLS AND PIEZOMETERS
PUMP TEST 5, SITE 9

MOFFETr FIELD

Well Screened FilterPack Casing DistanceFrom Pumping

Designation Well Interval(ft) Intanml (It) Diam.(in) PumpingWells(fQ Influence Comments
A1 Pump A2 Pump A1 A2

IPumplngWell W09-38(A1) 12 to 22 9t023 4 N/A 15 Y Y Monitorwl bansducer I
_PumpingWell W09-41(A2) . 34to44 32to46 4 15 N/A Y Y Monitorw/ transducer I

Piezometer PT9-2(A1) 12.6to27.6 12.6to30 4 223 208 Y Y Monitorw/ W.L. meter
Piezometer PTg-3(A2) 36.5 to 51.5 35.5 to 52 4 223 208 Y Y Monitor w/W.L, meter
Piezome_er Pzg.5-1(AQ) 41.5 to 42.5 41.2 to 42.5 4 43.7 53.7 Y Y Monitorwl transducer
Piezometer PZ9.5-4(A1) 15to 30 13 to 30 4 46.7 56.7 Y Y Monitorwl transducer
Piezometer Pzg.5-5(A2) 50 to 55 49 to 57 4 41 51.7 Y Y Monitorwl transducer
Piezometer PZ9.5-6(A1) 13.2to 28.2 11 to 30 4 36.7 21.9 Y Y Monitorw/transducer

Piezometer PZ9.5-7(A2) 34 to 44 31.9 to 47 4 34.7 19.9 Y Y Monitor w/transducer

Mo'_ltoringWell W09-O8(A2) 33to39.5 29to40 4 515 500 Y N Monitor w/ W.L meter
MonttoringWell W09-14(A2) 39lo49 36.8to52 4 429 420 N N MonitorwlW.L meter
MonitoringWell W09-16(A1) 19 to 29 17 to 30 4 240 234 Y Y Monitor wl W.L. meter
MonitoringWell W09-17(A2) 33to38 31 to40 4 383 380 N N MonitorwlW.L meter
MonitodngWell W09-18(A1) 14to24 12to25 4 578 574 N N Monitor w/ W.L meter
MonitoringWell W09-19(A1) 20to30 18to32 4 303 288 Y Y Monitorw/ W.L. meter
MonltoringWell W09-36(A2) 33 to 43 28 to 44 4 484 472 Y N Monitorw/W.L, meter
MonitoringWell W09-37(A1) 10 to20 8 to 21.5 4 292 292 N N Monitor w/W.L, meter
MonttodngWell W09-40(B2) 90to105 88to107 4 523 508 N N Monitor w/ W.L. meter
MonitoringWell MEW-81 (A1) 13 to 23 11 to 25 4 421 421 N N/A Monitor wl W.L. meter
MorlltodngWell MEW-46(A1) 14to 34 14 to 34 4 421 421 Y N/A Monitor wl W.L meter
MonitodngWell W09-46(A1) 17to27 15to27.5 4 510 510 N N/A Monitorw/W.L, meter
MonitoringWell W09-20(A2) 30 to 45 28 to 47 4 753 743 N N/A Monitor w/W.L, meter
MordtoringWell W09-3_,(A1) 14 to 24 12to 25 4 785 775 N N/A Monitor w/W.L, meter
MonitoringWell Mwoog-44(A1) 15to20 11to26 4 507 492 Y Y MonitorwlW.L. meter
Notes: N/A: NotApplicable

PT: PumpTest Well PZ: Piezometev
MEW: Middlefield-Ellis-WismanRIFFSWell W.L.: Water Level meter
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Table F4.4-2

Aquifer Classification and Pump Test Analytical Results
Pump Test 5, Site 9

Moffett Field

Distance Aquifer Transmissivity
WellNumber FromPump Classification AnalyticalMethod (ft2/min) Storativity

A1 AquiferTest

W09-38(A1) 0 Semiconfined TheisRecovery 2.07 N/A

PZ9.5-4(A1) 46.7 Semiconfined Theis 4.16 3.9 x 10.3

PZ9.5-6(A2) 36.7 Semiconfined Theis 3.65 1.5 x 10-3

PT9-2(A1) 223 Semiconfined Theis 2.58 1.7x 10-3

A2AquiferTest

W09-41(A2) 0 Semiconfined TheisRecovery 0.29 N/A
(Pumpingdata) TheisPartialPenetration 0.28 N/A

PZ9.5-7(AQ) 20 Semiconfined Theis 0.067 3.7 x 10.3
HantushLeaky(No Storage) 0.038 2.8 x 10-3

PZ9.5-1(AQ) 53.7 Semiconfined Theis 0.097 2.9 x 10.4
HantushLeaky(No Storage) 0.063 2.5 x 10.4

PT9-3(A2) 208 Semiconfined Theis 1.60 1.5x 10-3
HantushLeaky(NoStorage) 0.78 1.6 x 10.3

KN/WP813F.442(132)/07-22-92/F1



TABLE F4.4..3
A1/A2 AQUIFER ZONE HEAD DIFFERENTIALS

PUMP TEST 5, SITE 9
MOFFETr FIELD

I VerticalHead ElevationofWellPairs Difference(ft.) Head (ft, msl) Notes

IW9-38,(A1 ), W9-41 (A2) 0.02 14.13,14.33 vertical flow from A2 to A1
_IZtBJ_MOF4.WlO_



Table F4.4-4
Groundwater Analytical Results

Pump Test 5(A1), Site 9
Moffett Field

WELL No. W09-38 (A1)

Date Sample Taken 5/09/91 12/02/91 12/03/91 12/03/91 12/03/91
Time Samples Taken Quarterly 13:00 00:30 09:00 16:45

Sampling 7.3 Hours" 15.8 Hours 23.6
2Q91 Hours

COMPOUND CRQLb UNITs

1,1,1-Trichloroethane 10 ug/Lo jd 52 J 9
1,1-Dichloroethane 10 ug/L J 71 J 16
1,1-Dichloroethene 10 ug/L J 74 J 22 J 110 J 100 J 150
1,2-Dichloroethene (Total) 10 ug/L 460 J 9 680 630 770
Methylene Chloride 10 ug/L J 44 57 J 170
Trichloroethene 10 ug/L 4,700 390 9,100 8,000 9,900

NOTES: a Pump test began at 1711 on 12/02/91.
b CRQL = Contract Required Quantitation Limit.
c ug/L - parts per billion (ppb).
d j = Estimated value.

LWOO3July



Table F4.4-5
Groundwater Analytical Results

Pump Test 5(A2), Site 9
Moffett Field

WELL No. W09-41 (A2)

Date Sample Taken 5/09/91 12/05/91 12/05/91 12/05/91 12/05/91
Tune Samples Taken Quarterly 00:15 08:30 16:20 16:30

Sampling 7.8 Hours" 16.1 Hours 23.9 Hours Field
2Q91 Duplicate

COMPOUND CRQL b UNITs

1,1,1-Trichloroethane 10 ug/L¢ J 38 J 48 J 54 J 47
1,1-Dichloroethane 10 ug/L J 54 J 63 J 65 J 63
1,1-Dichloroethene 10 ug/L ja 170 J 100 J 110 J 110 J 88
1,2-Dichloroethene (Total) 10 ug/L 880 300 360 330 340
2-Butanone 10 ug/L J 77
Methylene Chloride 10 ug/L J 220 J 58 J 59 J 64 J 47
Trichloroethene 10 ug/L 13,000 3,600 4,600 4,800

_, NOTES: a Pump test began at 1625 on 12/04/91.
b CRQL = Contract Required Quantitation Limit.
¢ ug/L = parts per billion (ppb).

J = Estimated value.

LW003July
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TABLE F4.5-1
DESCRIPTION OF WELLS AND PIEZOMETERS

PUMP TEST 8, SITE 9
MOFFE'IT FIELD

Well Screened Finer Pack Casing DistanceFrom Pumping

Dasignation Well Interval(fl) Inlefval (It) Diam.(in) Pumping Wells (It) Influence Comments
A1 Pump A2Pump A1 A2

PumpingWell W09-35(A1) 14to 24 12 to 25 4 N/A 5 Y Y Monitorwl transducer IPumpingWell W09-20(A2) 30 to 45 28 to 46.5 4 5 N/A Y Y Monitorw/transducer I

Piezometer PZ9.8-1(AQ) 31 to 32 30.8 to 32.5 2 13.5 12,2 Y Y Monitor w/transducer
Piezornater PZ9.8-2(A1) 14.8 to 24,8 13,7 to 25.3 2 12.5 12,2 Y Y Monitor w/transducer
Piezometer PZ9.8-3(A2) 35 to 45 34 to 45.6 2 14.6 12.2 Y Y Monitor w/transducer
Piezometer Pzg.8-4(A1) 9.5 to 19.5 8 to 19.5 2 30.2 30.2 Y Y Monitor wl transducer
Piezomater PZ9.8-5(A2) 30 to 45 28.5 to 45 2 30.2 30.2 Y Y Monitor w/transducer
Piezometer Pzg.8-6(A1) 9.5 to 19.5 8.5 to 22 2 53.5 48.5 Y Y Monitor w/transducer
Plezomater Pzg.8-7(A2) 30 to 40 29 to 40 2 53.5 48.5 Y Y Monitor w/transducer

Mcg_oringWell W09-14(A2) 39 to 49 35.8 to 52 4 346 346 N Y Monitorw/W.L meter
Mon_,oringWell W09-15(B2) 87.3 to 97.3 81.2 to 108 4 92 92 Y Y Monitor w/W.L, meter
MonitoringWell W09-17(A2) 33 to 38 31 to 40 4 476 476 N Y Monitor w/W.L, meter
MonitoringWell W09-18(A1) 14 to 24 12 to 25 4 387 387 N Y Monitorw/W.L meter
Monit0dngWell W09-21(A2) 41 to46 39to48 4 243 243 N Y Monitor w/ W.L. meter
MonitoringWell W09-23(A1) 8 to 18 6 to 20 4 325 321 N N Monitor w/W.L meter
MonitoringWell W09-28(A2) 38 to 48 36 to 50 4 337 334 N Y Monitor w/W.L, meter
MonitoringWell W09-33(A2) 34 to 49 32 to 51.5 4 305 305 N Y Monitor w/W.L, meter
MonitoringWell W09-35(A2) 33 to 43 28 to 44 4 336 336 N Y Monitor w/W.L meter
MonitoringWell W09-37(A1) 10to20 8to21.5 4 582 582 N N Monltorw/W.L meter
Notes:

N/A: Not Applicable
PZ: Piezomater
W.L.: Water Lev:simeier
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Table F4.5-2

Aquifer Classificationand PumpTestAnalyticalResults
PumpTest 8, Site9

MoffettField

Distance Aquifer Transmissivity
WellNumber FromPump Classification AnalyticalMethod (ft2/min) Storativity

A1 AquiferTest

W09-35(A1) 0 Semiconfined TheisRecovery 0.54 N/A
(Unconfined, Cooper-Jacob 0.15 4.3 x 10.3

pumpingdata)

PZ9.8-2(A1) 12.5 Semiconfined Theis 0.11 6.2 x 10.3
HantushLeaky(NoStorage) 0.074 5.1 x 10-3

PZ9.8-4(A1) 30.2 Semiconfined Theis 0.82 4.0 x 10-3
HantushLeaky(No Storage) 0.74 4.0 x 10-3

PZ9.8-6(A1) 53.5 Semiconfined Theis 1.1 4.7 x 10-4
HantushLeaky(No Storage) 0.94 6.4 x 10.4

A2AquiferTest

W09-20(A2) 0 Semiconfined TheisRecovery 0.47 N/A

PZ9.8-3(A2) 12.2 Semiconfined HantushLeaky(No Storage) 0.33 0.066

PZ9.8-5(A2) 30.2 Semiconfined Theis 0.23 5.1 x 10.4
HantushLeaky(NoStorage) 0.28 5.1 x 10.4

PZ9.8-7(A2) 48.5 Semiconfined Theis 0.21 2.8 x 10.4
HantushLeaky(NoStorage) 0.21 2.8 x 10.4

PZ9.8-1(AQ) 12.2 Semiconfined HantushLeaky(NoStorage) 0.11 2.3 x 10-3

KN/WP813F.452(132)/07-22-92/F1



TABLE F4.5-3
A1/A2 AQUIFER ZONE HEAD DIFFERENTIALS

PUMP TEST 8, SITE 9
MOFFE'FI"FIELD

I VerticalHead ElevationofWellPairs Difference(ft.) Head(ft,msl) Notes

IW9-35(A1 ), wg-20(A2) 0.08 10.11, 10.19 verticalflow from A2.to A1
_--_12JR_t_F3.WlO_



Table F4.5-4
Groundwater Analytical Results

Pump Test 8(A1), Site 9
Moffett Field

WELL No. W09-35 (A1)

Date Sample Taken 5/13/91 11/14/91

Time Samples Taken Quarterly 14:00
Sampling 5 Hours"

2Q91

COMPOUND CRQL b UNITs

1,1,1-Trichloroethane 10 Llg/L € jd 36 J 40
1,1-Dichloroethane 10 ug/L J 53 J 39
1,1-Dichloroethene 10 ug/L J 110 J 57
1,2-Dichloroethene (Total) 10 ug/L 430 460
Methylene Chloride 10 ug/L J 140
Tetrachloroethene 10 ug/L J 120 J 56
Trichloroethene 10 ug/L J 120 3,100

_, NOTES: a Pump test began at 0902 on 11/14/91.
b CRQL = Contract Required Quantitation Limit.
c ug/L = parts per billion (ppb).
d j _- Estimated value.

LW003July



Table F4.5-5

Groundwater Analytical Results
Pump Test 8 (A2), Site 9

Moffett Field

WELLNo. W09-20(A2)

Date Sample Taken 5/13/91 11/19/91 11/20/91 11/20/91
Time Samples Taken Quarterly Sampling 21:20 05:30 13:00

2Q91 %8Hours' 16 Hours 23.5 Hours

COMPOUND CRQLb UNITs

1,1,1-Trichloroethane 10 ug/L' J 120 J 130
1,1-Dichloroethene 10 ug/L jd 260 J 190 J 200 J 190
1,2-Dichloroethene (Total) 10 ug/L J 420 J 370 J 360 J 380
Methylene Chloride 10 ug/L J 170 J 380 J 280 J 370
Tetrachloroethene 10 ug/L J 480 J 280 J 260 J 260
Trichloroethene 10 ug/L 18,000 12,000 13,000 14,000

NOTES: a Pump test began at 1332 on 11/19/91.
b CRQL = Contract Required Quantitation Limit.
c ug/L = parts per billion (ppb).
d j = Estimated value.

LW003July
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Table F5-1

Summary of Hydraulic Parameters
PumpTest 7, Site 8

Moffett Field

Estimated
Observation Hydraulic Average

Well Transmissivity Conductivity Thickness Aquifer Analysis
Pump Test Piezometer (ft2/min) (ft/min) Storativity (ft) Type Method

7 PZ8.7-1(A1)" 1.42 0.095 6.2 x 10.2 15 Semiconfined Hantush (1960)

7 PZ8.7-2(A1)" 2.43 0.16 9.2 x 104 15 Semiconfined Hantush and Jacob (1955)

7 W08-10(A1) 1.24 0.83 3.8 x 10.5 15 Semiconfined Hantush (1960)

7 W08-12(A1) 1.00 0.67 1.1 x 104 15 Semiconfined Hantush (1960)

Geometric Mean 1.44 0.10 2.2 x 104

"Where two methods were used for data evaluation (i.e., Cooper-Jacob-Modified versus Hantush Leaky Type Curve),
the results from the method best fitting the data was presented.
NA - Not applicable.
References: Hantush, M. S. and C. E. Jacob, 1955, Non-Steady Radial Flow in an Infinite.

Leaky Aquifer, Am. Geophys. Union Trans., Vol. 36, pp. 95-100.
Hantush, M. S., 1960, Modification of the Theory of Leaky Aquifers, Joun. of
Geophys. Res., Vol. 65, No. 11, pp. 3713-3725.

KN/WP813.F51(132)/07-27-92/F2



( ( (
Table F5-2

Summary of Hydraulic Parameters
Pump Tests 1, 3, 5, and 8, Site 9

MoffettField

(Page 1 of 2)

Estimated

Observation Hydraulic Average
Pump Well Aquifer Transmissivity Conductivity Thickness Aquifer Analysis
Test Piezometer Zone (ft2/min) (ft/min) Storativity (ft) Type Method

1 PZ9.1-2(A2) A2 4.36 0.36 0.0034 12 Semiconfined Hantush& Jacob (1955)

1 Pz9.1-3(A2) A2 9.78 0.82 0.0016 12 Semiconfined Hantush& Jacob (1955)

1 W09-13(A2) A2. 16.76 1.40 0.0002 12 Semiconfined Hantush& Jacob (1955)

1 W09-25(A2) A,?. 36.81 3.07 0.003 12 Semiconfined NA

GeometricMean NA A2 12.74 1.06 0.0013 12 Semiconfined NA

3 PZ9-3-3(A2) A2 2.31 0.39 0.0040 6 Semiconfined Hantush & Jacob(1955)

3 PZ9.3-5(A2) A,?. 2.21 0.37 0.0020 6 Semiconfined Hantush& Jacob (1955)

3 W29-08(A,?.) A2 3.56 0.59 0.0100 6 Semiconfined Hantush& Jacob(1955)

GeometricMean NA A2 2.63 0.44 0.0040 6 Semiconfined NA

5 PT9.2(A1) A1 25.32 1.95 0.011 13 Semiconfined Hantush & Jacob (1955)

5 PZ9.5-4(A1) A1 29.55 2.27 0.029 13 Semiconfined Hantush& Jacob (1955)

5 PZ9.5-6(A1) A1 29.39 2.26 0.010 13 Semiconfined Hantush& Jacob (1955)

GeometricMean NA A1 28.02 2.16 0.015 13 Semiconfined NA

i

5 Pzg.5-1(AQ) A2 0.48 0.08 0.0019 6 Semiconfined Hantush & Jacob (1955)

5 PT9-3(A2) A2 5.83 0.97 0.0107 6 Semiconfined Hantush& Jacob (1955)

KN/WP813.F52(132)/07-27-92/F2
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Table F5-2

(Page 2 of 2)

Estimated
Observation Hydraulic Average

Pump Well Aquifer Transmissivity Conductivity Thickness Aquifer Analysis
Test Piezometer Zone (ft2/min) (ft/min) Storativity (ft) Type Method

5 PZ9.5-7(A2) A2 0.29 0.05 0.0214 6 Semiconfined Hantush& Jacob (1955)

GeometricMean NA A2 0.93 0.16 0.0076 6 Semiconfined NA

::!:_:_::::: _ : :_::::_::_: :: ::::::_i::_!:::_:_::::_::::::::_::::_ : _ __:._:::_:::::::_:i::_i::i_:::: ::::::i.i:_::::: i i:_ _::i:i:_i::_i_:i_:: :::::::::::::::::::::::::::::::_i_ _ _i__ _

8 Pzg.8-2(A1) A1 0.54 0.07 0.0380 8 Semiconfined Hantush & Jacob (1955)

8 PZ9.8-4(A1) A1 5.87 0.73 0.0299 8 Semiconfined Hantush& Jacob (1955)

8 PZ9.8-6(A1) A1 2.26 0.28 0.0201 8 Semiconfined Hantush& Jacob (1955)

Geometric Mean NA A1 1.93 0.24 0.0284 8 Semiconfined NA

:::::::::::::::::_ ::::::::::::::::::::::::::::::::_::_::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::_::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::_::::::: ::: ::i:: :: :: _ :_::_::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::iii:i_i ::::i::

8 PZ9.8-1(A2) A2 2.64 0.26 0.0499 10 Semiconfined Hantush& Jacob (1955)

8 Pzg.8-3(A1) A2 2.44 0.24 0.4861 10 Semiconfined Hantush& Jacob (1955)

8 PZ9.8-5(A2) A2 1.95 0.20 0.0039 10 Semiconfined Hantush& Jacob (1955)

8 PZ9.8-7(A2) A2 1.56 0.16 0.0022 10 Semiconfined Hantush& Jacob (1955)

GeometricMean NA A2 2.10 0.21 0.0304 10 Semiconfined Hantush& Jacob (1955)

GeometricMean Site 9 A1 7.35 0.72 0.0206 10.20 Semiconfined NA

GeometricMean Site 9 A2 2.84 0.35 0.0024 8.11 Semiconfined NA

NA - Not applicable
References: Hantush,M. S. and C. E. Jacob, 1955, Non-SteadyRadial Flow inan InfiniteLeaky Aquifer,Am. Geophys. Union Trans.,

Vol. 36, pp. 95-100.
Hantush,M. S., 1960, Modificationof the Theoryof LeakyAquifers,Joun.of Geophys.Res., Vol. 65, No. 11
pp 3713-3725.

KN/WP813.F52(132)/07-27-92/F2
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Table F5-3

Summary of Hydraulic Parameters
ALIA2 Aquitard, Site 9

Moffett Field

Hydraulic Assumed
Transmissivity Conductivity Thickness

Pump Test Piezometer (ft2/min) (ft/min) Storativity (ft) Analysis Method

1 PZ9.1-1(AQ) 5.0 x !04 9.07 x !0 .5 !.0 x 10.5 5.5 Cooper, et al. (1967)
i,

1 PZ9.1-1(AQ) 7.8 x 10"4 1.4 x 104 6.1 x 104 5.5 Neuman and Whitherspoon (1969)

3 PZ9.3-1(AQ) 3.6 x 10.3 2.25 x 104 5.0 x 10.5 17.0 Cooper, et al. (1967)

3 PZ9.3-1(AQ) 3.1 x 10.3 1.84 x 104 2.0 x 10.3 17.0 Neuman and Whitherspoon (1969)

8" PZ9.8-1(AQ) 1.1 x 10.2 1.00 x 103 3.8 x 10.6 11.0 Cooper, et al. (1967)b

Geometric Mean NA 2.12 x 10̀ 3 2.19 x 10"4 4.05 x 104 9.7 NA

NA - Not applicable
aNot used to calculate geometric mean. Piezometer hydraulically connected to the pumping well.

References: Cooper, H. H., Jr., Bredehoeft, and I. S. Papadopulos, 1967, Response of a Finite Diameter Well to an Instantaneous Change in Water,
Water Resources Research, Vol. 3, No. 1, pp. 263-269.
Neuman, S. P., and P. A. Whitherspoon, 1969, Application of Curernt Theories of Flow in Leaky Aquifers, Water Resources Research,
Vol. 5, No. 4, pp. 817-829.

KN/WP813.F53(132)/07-27-92/F2
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o-RELD MEASUREMENT(TRANSDUCER)

.,_ FIGUREF4.2-7A
AQUIFERANALYSIS

NEUMAN PARTIALPENETRATIONMETHOD

,__ (UNCONFINEDAQUIFER)

_" PREPARED FOR

_" NAVAL AIR STATIONMOFFETTFIELD
MOFFE']'T"FIELD, CALIFORNIA

_ _'r_.N,_0N_

rl_ ,_cB_°L°aY
COP_OmL_ON

MFAATRMD(MF23)



TEST SITE #1 Pzg.
.10.

T = 0.7126 ft2/Min

S = 0.0001209

O.Dl

o

0.001
0.01 0.1 1. 10. 100. 1000.10000.

Time (rain)

r= 25ft

Q- 42 gpm,=5.61 ft 3/min
o= REID MEASUREMENT(TRANSDUCER)

NOTE:

BASED ON UTHOLOGYAND LEAKYTIME-DRAWDOWNRESPONSE,

,_ THIS METHOD IS CONSIDEREDVAUD FOR DRAWDOWNBEFORE FIGURE F4.2-8STORAGEIS RELEASEDFROM THE AQUITARD.
_n AQUIFERANALYSIS

THEIS TYPE CURVE METHOD

PREPARED FOR

NAVAL AIR STATIONMOFFE"FI"FIELD

MOFFE"[TFIELD, CALIFORNIA

_ TECHNOLOGY
CORPOI_TION

MFAATCMD(MF23)



TEST SITE # 1 PZ9.1-2(A_)

lo. :_,_,,_,I "_'"_1' _"""1"_"'1 '_"_"'1'"_'-_
- T = 0,7494 ft2/_in "
- S = 0.00l_1167

w/B: 0.09
_ 0

O.DI

0

0.001
O.Ol 0,1 1, 10, 100. 1000.10000.

Time (mln)

r: 25 ft

Q: 42 gpm=5.61 ft3/min
o= FIELD MEASUREMENT(TRANSDUCER)

FIGURE F4.2-9

E AQUIFER ANALYSIS
HANTUSH LEAKYTYPE CURVE METHO[-- ASSUMES NO STORAGEIN AQUITARD

'_" PREPAREDFOR

"_" NAVAL AIR STATIONMOFFETI"FIELD

0 MOFFETTFIELD, CALIFORNIA

_ _rm_o_TJ_EINOI_
CORPORATION



0.001
0.01 0,1 1, 10. 100. 1000,10000.

Time (rain)

r,- 66ft

Q- 42 gpm=5.61 ft 3/mln
o= FIELD MEASUREMENT(TRANSDUCER)

_. NOTEJ
BASEDON UTHOLOGYAND LEAKYTIME-DRAWDOWNRESPONSE,

oE THIS METHODIS CONSIDEREDVALID FOR DRAWDOWNBEFORE FIGURE F4.2-10
STORAGEIS RELEASEDFROMTHE AQUITARD. AQUIFERANALYSIS

_: THEIS TYPE CURVE METHOD
(N

_o PREPAREDFOR

NAVALAIR STATIONMOFFETr FIELD

o MOFFETTFIELD, CALIFORNIA
V _ _ _m_.,_O_LL

_ TECHNOLOGY
CORPOP.kTION

aFAATCMD(MF23)



TEST SITE _1 Pzg. 1- 3(A2)

lO0l_zllllllll I I IIllll I I lllllll I i lllll, I I llllll I I llll__
- T = 1,639 £t2/ein ----
- S = 7.1403E-Q5
-.r,/B= Q. 05

1,-- _ o __
8

,1_ 0,1

O.Ol

,d"

0

O,OOl
O.Ol 0,I I, I0. I00. i000.i0000.

Time (rain)

r,,, 66ft
Q- 42 gpm-5.61 ft3/mln

Ol FIELDMEASUREMENT(TRANSDUCER)
ft.

FIGURE F4.2-1 1f_

E AQUIFERANALYSIS

._. HANTUSH LEAKY TYPE CURVE METHOD•- ASSUMES NO STORAGEIN AQUITARD
e,i

PREPAREDFOR
co NAVAL AIR STATIONMOFFETI"FIELDO

o MOFFEI-r FIELD, CALIFORNIA
INTERNATIONAL

_ 'I'III_NOII)GY

C0RPOPATION
IFAANSMD(MF23)



o

e,x , ,,,,,,,I I ,,,,,,,I , ,,,,,,,I , ,,,,,,,
1, 10. 100. 1000. 10000.

Time (mi ri)

r,= 139 ft

Q- 4-2 gpm-,5.61 ft 3/mln

o,-F1EID MEASUREMENT(TRANSDUCER)

NOTE:

BASED ON LffHOLOGYAND LEAKYTIME-DRAWDOWNRESPONSE,
THIS METHOD IS CONSIDEREDVAUD FOR DRAWDOWNBEFORE
STORAGEIS RELEASEDFROM THE AQUffARD._. FIGURE F4.2-12,€; AQUIFERANALYSIS

•":':-' THEIS TYPE CURVE METHODe.-

l'N
O_

t'- PREPARED FOR

NAVALAIR STATIONMOFFETTFIELD_o

o MOFFEI-FFIELD, CALIFORNIA
_ _ __o_
o_ LU TECHNOLOCY
r,-
ca CORPOI_TION

MV_TCMD(MW_)



0,I
1, 10. 100, 1000. 10000,

Time (mirD

r,= 139 ft

Q=, 42 gpm=5.61 ft3/min

• o-REID MEASUREMENT(TRANSDUCER)

FIGURE F4.2-13

E AQUIFERANALYSIS
o HANTUSH LEAKY TYPE CURVE METHOC
•:.: ASSUMES NO STORAGEIN AQUITARD

PREPAREDFOR

_" NAVAL AIR STATIONMOFFE'I'TFIELD
MOFFE'I3"FIELD, CALIFORNIA

TB_O],OGY

CO]R]PO]E_L1_ON
_IFAANSMD(MF23)



V

I !

10, 100, 1000, 10000.
Time (min)

r== 260 ft

Q- 42 gpm-5.61 ft3/rain
o= RELD MEASUREMENT(TRANSDUCER)

NOTE:
BASEDON UTHOLOGYANDLEAKYTIME-DRAWDOWNRESPONSE,
THIS METHODIS CONSIDEREDVAUDFORDRAWDOWNBEFORE
STORAGEIS RELEASEDFROMTHEAQUITARD. RGURE F4.2-14

AQUIFER ANALYSIS
THEIS TYPE CURVE METHOD

PREPAREDFORNAVAL AIR STATION MOFFETT FIELD
MOFFETT FIELD, CALIFORNIA

v _ _i_ n_ONALCOP.POI_TION0

MFAATCMD(MF23)



TEST SITE #1 W09-25(A2)

- T = 4.824 ft2/Min
-- S = O.Q003678

- ]P/B= 0.01

O

g I !
0

0.1 I I I I lllli I I I IIIIII I I i I
10, 100, 1000, 10000.

Time (min)

r,,, 260 ft

Q- 4.2 gpm-5.61 ft3/mln

o- REID MEASUREMENT(TRANSDUCER)

FIGURE F4.2-15

AQUIFER ANALYSIS
HANTUSH LEAKY TYPE CURVE METHOC

eo
,-" ASSUMES NO STORAGEIN AQUITARD

PREPAREDFOR
NAVALAIR STATIONMOFFET'rFIELDO

0 MOFFETTREID, CALIFORNIAo, _TION_LL

CORPOI_TION

IV_SMDCMF23)



( ( (

6

5

_4

i APZg.I-2
n-, 3

2

P_.l_

3(A21 A WOg-34tA2_
1

W09-25(A2)A___

W09-22(A2)• _
0

10 100 1000

RADIALDISTANCEFROM PUMPINGWELL(ft)
FIGURE F4.2-16

Legend Transmissivity DISTANCEDRAWDOWNPUMPTEST 1(A2) SITE 9
• DrawdowninA2 Zone 528 • Q 528 • 42

T= ,.-,As - 3.74-1.74- 10870.59gpd/It = 1.01 ft2/min NAVALAIRSTATION
• BestFitLine MOFFETT FIELD, CALIFORNIA

_ NTERNATIONAL
TECHNOLOGY
CORPORATION



0.0010.01 0.i i. i0. i00.i000.
Time (rain)

o= FIELD MEASUREMENT(TRANSDUCER)

oE USING A UNIT THICKNESS OF 5.5 FT. FIGURE F4.2-17
YIELDS A HORIZONTAL HYDRAULICCONDUCTIVITY SLUG TEST ANALYSIS
OF 0.000091 FT. _/MIN. COOPER, et al. METHOD

{N

PREPAREDFOR

NAVALAIR STATIONMOFFETTFIELD
MOFFETT FIELD, CALIFORNIA

o _ ZZCnm_.TZOt_L'I_C11NOLO&'/
CORPOP_TION

MF_(MF_3)
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J,

z

m

a. M

_ W61-O1(A1 J,5 _'Zl_ PARKING
WOB-31(A1)

_ .___ =,.=(0.39)
WZU--U_AZ) v w

_ (1.11)
'4(/_ W29-O6(A1) _,0

e(0.29) 3

FP9-01

9- _.09) (A2) PARKING
_ O3(A1)

-- -- @ GROUNDWATERMONITORINGWELL W09-06 ("

. , PUMP,NoWELL O(o.,9) \
_ • OBSERVATION PIEZOMETER 9-01(AI) SCALE:

MONITORINGWELL (0.14) .:_m
F SITE '_- 0 100 2C}OFEET

r_WELL I.D.
WOB-O5(A1)--AQUIFER DESIGNATION FIGUREF4.3-1
(0.25)--WATER LEVEL ORAWDOWN(FEET)

FROM PUMP TEST RADIUS OF INFLUENCE, A2-AQUIFER

SITE 9, PUMP TEST 3INFERRED RADIUS OF INFLUENCE 33`3 OCTOBER,1991
_ "'-'' OF PUMP TEST (FEET OF DRAWDOWN)

NAVAL AIR STATION
NOTE'. 31 MOFFETT FIELD, CALIFORNIA

--- DRAWDOWNOCCURED IN BOTH THE A1 & A2 _ INTERNATIONAL
AQUIFERS DURING PUMPING OF THE A2 AQUIFER. TECHNOLOGY

CORPORATION
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( ( (

B B'
WEST EAST

301 . - 30Pzg.3-1(AQ)
PZ9.3-2(_A1 )

wog-o6(A1 ) Pzg.3-3(A2)

W09-01 (A1) W29-O9(A2) WO9-22(A2) .201 EL 18.86' EL 166 CPT/H9-35 CPT/H9-34 WO9-27(A2) 20
_" (tlp reslstonce) (tip reslstonce) EL 16.9'

HH i
i

101 I I- - !_ lo

_,_ ch

_ _ "'_......-_-_ .=v.'.'.'.v.v..'.'.'.'.'.'.v.'..'.'............ 0

ff zoo v_--.-_ _.. _ ,.-.."_4.:.:.:.:.:.:-:-:.:.:-:.:.:.:.:.Z.:.:-:.:.:.:.:.:.:.:.

-: ' iiii! - !- 10 i:::::::::::::i:::,_ - 10

,.... • .... ... - • • •-..I __

-20 _ _ ml .--_ ............................ -20

_::::_:_:_ ! ,_ ............. _ .... ........._
................ _i,ili= _ -_

LOCATION MAP -30
-30 45' CROSS SECTION TS3B-B'

':_,:...... ..-....:=' ._ so' _ --'"'.
52' TD

_,o '= ..........=' \c :_.-_ "_ _ -40

SCALE:

,o -----_ = _\ _,_" .'_" F,OUREF4.3-3

=. ,o.o,o -OOLOO,CCOSSS COTSB-B'_ WATER LEVEL (AT START OF PUMP TEST) VERTICAL SCALE =_o SITE 9, PUMP TEST 3

=_ D TRANSMISSIVEUNIT ----'--"--m : MOFFETT NA VAL AIR STATION
'= 0 50 100 FEET MOFFE1T FIELD, CALIFORNIA

i _ INTERNATIONAL

o WATER LEVELS IN ALL THREE PIEZOMETERS (VERTICAL EXAGGERATION5X) ,m-_(_,)
._ Ii-_._,1 r TECHNOLOGYCORPORATIONARE THE SAME



( ( (

Ic

= 5(A1)

W61-01 q _1-- m / PARKING
wo9-31(A1)

_I (8.55) • _-23
d j

__ _"_ ipl,Fv'\_G W29-O2(A1)

_ W29-08
W29-O6(A1) ,o

O

i_ _,' -01 k__-_(8.85)

WO9-22(A2/ _1 51o

_ I _ GROUNDWATERMONITORINGWELL W29-O3(A1)wo9_O6(A1) _
--- 0 PUMPING WELL (9.54) _" \0 OBSERVATIONPIEZOMETER O \

=5 (NS) MONITORINGPOINT ELEVATIONNOT SURVEYED SCALE:
•_ _ _ (AI) _m

MONITORINGWELL (9.62) 0 100 2C)OFEET

SITE RGURE F4.3-4
r_ WELL I.D.

--- WOS-O5(A1)--AQUIFER DESIGNATION SITE 9 POTENTIOMETRICSURFACE
(O.25)--WATER LEVEL ELEVATION(FEET-MSL) CONTOURMAP. A1-AQUIFER

PRIOR TO PUMP TEST PUMP TEST 3

f"-(7)--..-" (FEET-MSL) PRIOR TO PUMPING.
; POTENTIOMETRICSURFACE CONTOUR 333 OCTOBER,1991

DASHED WHERE INFERRED NAVAL AIR STATION
IMPLIED GROUNDWATERFLOW 31 31 MOFFETT FIELD. CAL/FORNIA

R _ DIRECTION ,3

_ INTERNATIONALTECHNOLOGY(A1 AVERAGEGRADIENT:0.0069 ft/ft) CORPORATION



( ( (

O

WBI-01(At)_ _I
PARKING

.o_ g W°9-31(A1)o

W29-08

29-06(A1) _o

22(A2) 5rol
21o

W29-O9(A2)
O GROUNDWATERMONITORINGWELL W29-O3(A1)

• PuMP,NGwELL wO,-OSCA,: _Q OBSERVATIONPIEZOMETER O _ f

(NS) MONITORINGPOINT ELEVATIONNOT SCALE:
(AI) ,-_ __ ,

MONITORINGWELL i 0 100 200 FEET

[------WELL I.D. FIGUREF4.3-5
WOB-OS(A1)--AQUIFER DESIGNATION SITE 9 POTENTIOMETRICSURFACE
(0.25)--WATER LEVEL ELEVATION(FEET-MSL) CONTOURMAP, A2-AQUIFER

PRIOR TO PUMP TEST PUMP TEST 3
OCTOBER,1991

,,,,-"-(7)--.-" POTENTIOMETRICSURFACE CONTOUR 333(FEET-MSL) PRIOR TO PUMPING.

DASHED WHERE INFERRED _ NAVAL AIR STATION

IMPLIED GROUNDWATERFLOW 31 3q MOFFETT FIELD, CALIFORNIADIRECTION _3 _ IL_ INTERNATIONAL
(A2 AVERAGEGRADIENT:0.0048 ft/ft) IIIIM TECHNOLOGYCORPORATION



STEP DRAWDOWN
WELL # W09-22(A2)

15

° i
<
rr s
a

1
0.01 0.1 1 10 100 1000

TIME (MIN.)

:_i_i_iii!i_::!i!ii::iiii_::i::i::_ii::iiii_::iiiiiii::iii:,i::i::iiili::iii|iii::i::i::iiiiiiiiiiiii::i::i::i::i::i::i::i::i::i::iiiiiiiii::i::i::i::i::i::ii::i::i::iiiiiiiii::i::iil::i::i::i::i::i::i::_::i::_::_::_::_::iiiliilili_i_::_::i::_i_il::ii_i_ili_i_ilili!i!i_::ii_ii::_::!::i::i::i::!::!::i::i::i::i::i::i::i::i::i::!::i::i::i::i::i::i::i::iil::i::_::i::_i_iliii:_ii!!i_ilili_ii::!::i::i::i::i::i::i::i::ii_::_::_i_li!iii_i_iiiiiii::i::i::i::i::ii_::i_!iiiiiliii!iii::_::iiii_::!ii!::i::_ii::i:,_::i::iiiiii_ii!_::_::_ii::_i_::_::i!i_i_::_ii!i_iii

_!_!i:::_:h:::_:_::_::_::_ii,:!!!!_i_!::_:_!_!_!_!!_!!!_h:::!!i_i:i!!ii::i::!!!:::_:J:::::J:::_!_::::::_:_::_::::!_::!i__!i:_:_i::i_!_!_::_i_::_::::i_:i::ii!::iii|i::!::iii'!_i_:::::::::::::::::::ii,iiii::iil,i,i_;iiili_i_:is::i::i::i::!::!::!::i:_i::i::i:_!::!_!_i_:::::::::::::i!_!::i_!::!::!::!:_!:!::!::!:i]i::::::::;_ii:_;_iii:iiiiiiiiiiiilQl_ii:i:i_i::iiilliiii!iiiiiiiiii_iiiiiii_i_i_i_i_i:_i_iiii

1 5 1.45 3,448

2 10 3.65 2.740

3 16.2 13.85 NA

FIGURE F4.3-6

PumpTest 3
Note: Step-DrawdownTest

Stabilization was not achieved for this step due to NAVALAIR STATION
encroachment on the well screen during the third MOFFET FIELD, CALlFORNIA
stage.

INTERNATIONAL
TECHNOLOGY
CORPORATION

MOF_-43_.DRW/



TEST SITE #3 (A2) RECOVERY W09-_8(A2)

T = 9.2831 £t

4.5 = 7.155 o
oo

3.5

0,5

0,
1. I0, I00. I000.I0000,I.E+O5

Time t/t'

r-O

Q-15 gpm-2 ft _mln
o-, FIELDMEASUREMENT(TRANSDUCER)

NOT_
0.

O_ SINCE LEAKANCEHAS OCCURREDTHROUGHTHE OVERLYING
AQUITARD,A RESTRICTIONINCORPORATINGTHE LEAKAGEFACTORIS FIGURE F4.3-7

E DICTATEDBY:
tp + t' < (B2S)/20T AQUIFERANALYSIS

THEIS RECOVERYMETHOD
THEREFORE,VALUES OF T MAY BE OVERESTIMATED.¢N

PREPAREDFOR

NAVAL AIR STATIONMOFFETTFIELD
MOFFEFFFIELD, CALIFORNIA

r_ _TION.JL
o '_OLOG_

CORPOI_TION
MF'AATRMD(MF23)



r,= 14ft

Q- 15 gpm-2 ft3/mln
o-FIELD MEASUREMENT(TRANSDUCER)

NOT_
(._ BASEDON LITHOLOGYANDLEAKYTIME-DRAWDOWNRESPONSE,

THIS METHODIS CONSIDEREDVALIDFORDRAWDOWNBEFORE FIGUREF4.3-8
a STORAGEIS RELEASEDFROMTHEAQUITARD. AQUIFER ANALYSIS
&i THEIS TYPE CURVE METHOD

PREPAREDFORNAVAL AIR STATION MOFFETT FIELD
MOFFETT FIELD, CALIFORNIA

CORPOBATION
_P

MFAATCMD(MF23)



v TEST SITE #3 PZ9.3-3 (A2)
lO.

T = 0.3164 £t2/Min
S = 8.?235E-05
_/B= 0,03

P

V

0,1

O.Ol

O.DDI
O.Ol 0.I I, i0. i00. I000. I0000.

Time (min)

r,,, 14ft

Q- 15 gpm
o,,, FIELDMEASUREMENT(TRANSDUCER)

FIGURE F4.3-9

E AQUIFER ANALYSIS
o HANTUSH LEAKY TYPE CURVE METHOD
gl ASSUMES NO STORAGE IN AQUITARD

PREPAREDFORNAVALAIR STATIONMOFFE'I-F,FIELD

_ F1ELD, CALIFORNIA

o _TRRNA_ON_L
TBCHNOLOGY
COBPORA_ON

IFAANSMD(MF23)



1,

0,1

O.Ol

O.OOl
O.O1 0,1 1. 10. 100. 1000.10000.

Time (rain)

r- 25ft

Q- 15 gpm
o-RELD MEASUREMENT(TRANSDUCER)

NOTE:

BASED ON UTHOLOGYAND LEAKYTIME-DRAWDOWNRESPONSE,
THIS METHOD IS CONSIDEREDVALIDFOR DRAWDOWNBEFORE FIGURE F4.3-10E
STORAGEIS RELEASEDFROM THE AQUITARD.

AQUIFERANALYSIS
THEIS TYPE CURVE METHOD

O4

'_ PREPAREDFOR

NAVALAIR STATIONMOFFEI"I"FIELD
MOFFETTFIELD, CALIFORNIA

TgCHNOLOGY
o CORPOI_TION

MFAATCMD(MF23)



_, TEST SITE #3 PZ9.3-5(A2)

- T = 8.28?4 £ t2/min

- S = 6.7847E-95
- x',/B=

1.

_ 0.1
_ -

0.001
0.01 O.l i. I0. I00. I000.I0000.

Time (rain)

r,- 25ft

Qm 15 gpm--2 ft3/mln
O--FIELD MEASUREMENT(TRANSDUCER)

FIGURE F4.3-11
E AQUIFER ANALYSIS

HANTUSH LEAKY "P(PE CURVE METHOr
ASSUMES NO STORAGE IN AQUITARD

_ PREPAREDFOR
NAVAL AIR STATION MOFFETT FIELD

o MOFFETT FIELD, CALIFORNIA
_ mTKImATIONILmr,. TRCHNOLOGY
co

CORPOI_TIOH
[FAANSMD(MF23)



o°

0,1

O.O1
1, 10. 100, 1000. 10000.

Time (rain)

r- 111 ft

Q- 15 gpm,=2ft3/min
o-FIELD MEASUREMENT(TRANSDUCER)

1 NOTEJ
BASED ON UTHOLOGYAND LEAKYTIME-DRAWDOWNRESPONSE,
THIS METHODIS CONSIDEREDVALIDFOR DRAWDOWNBEFORE

STORAGEIS RELEASEDFROM THE AQUITARD. FIGURE F4.3-12o AQUIFERANALYSIS
THEIS TYPE CURVE METHOD

PREPAREDFOR
o NAVALAIR STATIONMOFFEIT FIELD

MOFFETr FIELD, CALIFORNIA

_c _m TZCHNOLOGYc CORPORATION

MFAATCMD(MF23)



TEST SITE #3 W29-08(A2)

10. = , ,,,Ill, I , I iIIii, I , ,,lilii I , ,IIII_
T = 0.5319 £t2/_in Z

-- S = G.G01493
_/B= G.1?5

o

0.1

0

0.01
1. I0. i00, 1000. 10000.

Time (rain)

r- 111 ft

Q- 15 gpm-2 ft3/mln
o-FIELD MEASUREMENT(TRANSDUCER)

FIGURE F4.3-1.3
AQUIFER ANALYSISE

" HANTUSH LEAKY TYPE CURVE METHOr
ASSUMES NO STORAGE IN AQUITARD

04

_" PREPAREDFOR

_" NAVAL AIR STATION MOFFEFF FIELD
o_ MOFFETT FIELD, CALIFORNIA

e_°_ _ _TIONAI,
TICHNOLOGY

o)

CORPOI_TION
IFAANSMD(MF23)
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7

6

O

0 PZ9.3-33 •

1

W29-08 W_7_,,__ W09280

10 100 1000

RADIALDISTANCEFROMPUMPINGWELL(ft)

Leqend_ Transmissivity FIGUREF 4.3-14
DISTANCE- DRAWDOWN

• DrawdowninA2 Zone T= 528 • a _ 528 • 15 _ 2675.68gpd/ft = 0.25 ft=/min PUMPTEST 3 (A2) SITE 9/_S 2.96

• BestFitLine NAVAL AIR STATION

MOFFETT FIELD, CALIFORNIA

_ CTERNATIONAL
TECHNOLOGY
CORPORATION
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I

<
I

TEST SITE #3 SLUG OUT PZ9.3-1(AQ)
1,

0.9 0

0,7 0

Ot

O,OOl 0.D1 0,I I, i0, I00.
Time (rain)

o= RE1DMEASUREMENT(TRANSDUCER)

o FIGURE F4.3-15
E USING A UNIT THICKNESS OF 17.0 FT.

._. YIELDS A HORIZONTAL HYDRAULICCONDUCTIVITY SLUG TEST ANALYSISOF 0.00023 FT.=/MIN. COOPER, et al. METHOD
O4

e.•- PREPAREDFOR
.p.

NAVAL AIR STATIONMOFFETT FIELD
o MOFFETFFIELD, CALIFORNIA
_ nv'rz_,A'Z'ZOZ,U.L

I_C'_TOLOQY
m CORPOB3LTION

MFA3(MF23)
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wog-1B(A1)
_} MEW-81(A1)

'_EW-46(A21*
_,<,-- (o. 16)

i
st,

_: wo9-: o
Z )*
-- PARKING PARKING

,-20(_)

., wog-14(A2) )._0')_ '
PARKING

557

•_0 PZ9.5

W09-41 i
PT9-2(A1)

I_ _GEND," (0.97) (_

PT9-3,
-- O GROUNDWATERMONITORINGWELL (0.38) ",_

• PUMPING WELL

• OBSERVATIONPIEZOMETER W09-44
MONITORINGWELL _(0.43) SCALE: ._
SITE lS ,i----_""--""-=

r----WELL,.O. O 100 2OOFEET
WO9-38(A1)--AQUIFER DESIGNATION _ FIGUREF4.4-1
(7.OO)--WATER LEVEL DRAWDOWN(FEET) RADIUS OF INFLUENCE,A1-AQUIFER

FROM PUMP TEST SITE 9, PUMP TEST 5

.... INFERRED RADIUS OF INFLUENCE .........._NG OCTOBER,1991
"-- OF PUMP TEST (FEET OF DRAWDOWN) _ _ _ NAVAL AIR STATION

NOI'E', _ MOFFETT FIELD, CALIFORNIA

-, WELLS W09-17, WD9-37 AND MEW-46 SHOWED DRAWDOWN
DRAWDOWNOCCURED IN BOTH A1 &: A2. AQUIFERS EFFECTS WHICH COINCIDEDWITH REGIONALWATERTABLE r_DURING PUMPING OF THE A1 AQUIFER. FLUCTUATIONS. "_ TECHNOLOGyINTERNATIONAL

CORPORATION
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wog-18(A1)
= MEW-81(A1)

Ii

_=a wo9-: o
Z if,. wog-37(A1)m m PARKING

-20(A2)

'_' _ PARKING,_ wog-14(_)J PARKING

PZ9.5-

[ PT9-2(A1) _,
_ _GEND.' (o.12) "_
_ PT9-3(A2'

-- -- • GROUNDWATERMONITORINGWELL (0.12) '

_- _ PUMPING WELL -_

• OBSERVATIONPIEZOMETER

J_ MONITORINGWELL

i SITE I(B2) ."_'_m i_ i_--WELL I.D. 0 100 200 FEETm
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10.01_ 0 1`'m 10 100

I_ TIME (MIN)

L_

::_::_::_:_:::_::_::_::_::_::_::_::_::_::_::_::_::__:_:"_:___ _ _i_ i_) ...............................
1 31 3.75 8.267

2 37 4.75 7.789
3 41,5 5.9 7,034

4 50 7.85 6.369

FIGURE F4.4-7

Pump Test 5 (A1)
Note: Step-Drawdown Test

The initialstep-drawdowntest included discharge NAVAL AIR STATION
rates rangingfrom 3.4 gpm to 31 gpm and is not MOFFET FIELD, CALIFORNIA
included in the graphical analysisof well
W09-38(A1).

INTERNATIONAL
TECHNOLOGY

CORPORATION
MOF_F447.DRW,_
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FIGURE F4.4-8

Pump Test 5 (A2)
Note: Step-DrawdownTest

Duringthethirdstepencroachmentofthewater NAVAL AIR STATION
levelto thewellscreenoccurredandthe discharge MOFFET FIELD, CALIFORNIAratewasreduced.
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FIGURE F4.4-9
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THEIS RECOVERYMETHOD
04
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_ MOFFE'I'TFIELD, CALIFORNIAINTJlRN_TION_L

_: Txcm_o_aY
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Q-40 gpm=5.35 ft3/mln
o,= FIELD MEASUREMENT(TRANSDUCER)

E FIGURE 4.4-9A

o_1 AQUIFERANALYSIS
_ NEUMANPARTIALPENETRATIONMETHOD

,,,I
_o PREPAREDFOR
N

_'I NAVAL AIR STATIONMOFFETTFIELD
o: MOFFEI-FFIELD, CALIFORNIA

o_ TECHNOLOGY
c_ CORPORATION

MFA2(MF23)
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Q-40 gpm=,5.35ft3/mln
o- FIELDMEASUREMENT(TRANSDUCER)

I FIGURE F4.4-10

E AQUIFER ANALYSIS

,_ THEIS TYPE CURVE METHOD

PREPAREDFOR

=_ NAVAL AIR STATION MOFFETT FIELD
o MOFFETT FIELD, CALIFORNIA

_ T_CHNOLOGY
CORPOP_TION

MFA1(MF'23)
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O,Ol 0,I 1, I0. I00, I000.I0000.

Time (rain.)

r,,, 37ft

Q-4.0 gpm=,5.35ft3/mln
o= REID MEASUREMENT(TRANSDUCER)

_o FIGURE F4.4-1 1
AQUIFER ANALYSIS

THEIS TYPE CURVE METHOD
{N

PREPAREDFOR

NAVAL AIR STATION MOFFETT FIELD
o MOFFETT FIELD, CALIFORNIA

_ _ __o_
c_ 'I_CI_OLOGYr_
o_ CORPOP,_.TIONo
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o

0.01
1. 10. 100, 1000. 10000,

Time (rain)

r= 223 ft

Q= 40 gpm-5.35 fl3/min
o= FIELD MEASUREMENT(TRANSDUCER)

FIGURE F4.4-12

AQUIFERANALYSIS•. THEIS TYPE CURVE METHOD
v.-

r,- PREPAREDFOR

81 NAVAL AIR STATIONMOFFETTFIELD

_ MOFFETTFIELD, CALIFORNIA]I_TIOI_kL

TECHNOLOGY
o CORPOI_TION

MFA2(MF23)
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1. 10, 100, 1000. 10000. 1.E+05
Time t/t'

r-O

Q" 5 gpm-0.67 ft 3/mln
o- RELDMEASUREMENT(TRANSDUCER)

NOTE:
AI_l S,NCE_CE_ _CUR.EO_.OUO._EO_L_NO

AQUITARD,A RESTRICTIONINCORPORATINGTHE LEAKAGEFACTORIS FIGURE F4.4-14

E DICTATEDBY: - AQUIFER ANALYSIS
tp + t' < (B2S)/20T

_, - THEIS RECOVERY METHOD
THEREFORE,VALUESOF T MAYBE OVERESTIMATED.IN

u_ PREPAREDFOR

NAVAL AIR STATION MOFT1L--rTFIELD
MOFFE-I-I FIELD, CALIFORNIA

CORPOP_TION
MFAATRMD(MF23)



TEST SITE #5 (A2) W09-41(A2)

V 10. I l ililil ! I ,lllili I I i liilil I I I lliiil
-- l = i,2?58 ftl/Min
-- S = G. 1982
m
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1, I I IIIIIIJ ! l iililll I I IIIIIll I I llilll
0.i 1. 10. 100. 1000.

Time (rain)

-=0

Q= 5 gpm=0.67 ft _/mln
o= FIELD MEASUREMENT(TRANSDUCER)

._ FIGURE F4.4-14A
AQUIFER ANALYSIS

THEIS PARTIAL
._. PENETRATIONMETHOD

PREPARED FOR

' NAVAL AIR STATIONMOFFEFI"FIELDMOFFETTFIELD, CALIFORNIA
V _ im'ZRNA'nO_

_i_ TECHNOLOGYCORPORATION
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TEST SITE #5 (A2)PZ9.5-?(A2)
10. -,i If,,,,i I I Iii,lli ,,,i,I,i I , ,,,i,lli ,i ,,i,_.

T = 8.86?22 £t2/I,sin

S = 8. 083653

1.

,4.o

V

0.1

0.01

o

0.001
O.1 i, I0. i00. 1000. i0000,

Time (min)

i-,= 2Oft

Q-5 gpm=0.67 ft 3/mln
o==FIELDMEASUREMENT(TRANSDUCER)

_: NOTE:
BASED ON MTHOLOGYAND LEAKYTIME-DRAWDOWNRESPONSE,
THIS METHOD IS CONSIDEREDVAUD FOR DRAWDOWNBEFORE FIGURE F4.4-15

E STORAGEIS RELEASEDFROM THE AQUITARD.
AQUIFER ANALYSIS

(': THEIS TYPE CURVE METHOD
o_

PREPAREDFOR<
_= NAVAL AIR STATIONMOFFETTFIELD
a MOFFEIT FIELD, CALIFORNIA

INTERNATIONALTECHNOLOGY
c CORPORATION
",d'

MFAATCMD(MF23)



TEST SITE #5 (A2) PZ9.5-7(A2)
10. -ll i,i,i,i ,i I,Iii,i ,I I,II,,l ,I I,i,lli I I ,i,i__

-- T = G.03766 £t2/Min
- S = 0. 00283

r,/B= 0.75

.d-

O

O.OOl
0.I i. I0, I00. i000. i0000,

Time (min)

r- 54ft

Q-5 gpm-O.67 ft3/mln

o= REID MEASUREMENT(TRANSDUCER)

_: FIGURE F4.4-16

E AQUIFERANALYSIS
HANTUSH LEAKY TYPE CURVE METHOD

'* ASSUMES NO STORAGEIN AQUITARD
ell

•-,I PREPAREDFOR

_1 NAVAL AIR STATIONMOFFETTFIELD
ql MOFFETFFIELD, CALIFORNIA

TECHNOLO_£

CORPOI_TION

:FAANSMD(MF23)



TEST SITE #5 (A2) PZ9.5-1(AQ)
10, -t

- T = 0.89699 £t2/Min

- S = 0.0002926

- _-

_ -

_ 0,1 -=
i_ - --

O.Ol

o

O.OOl
0.I i, I0, I00, I000. i0000.

Time (rain)

r,= 54ft

Q-5 gpm=0.67 ft 3/mln
o= REID MEASUREMENT(TRANSDUCER)

n NOTE:
BASEDON LITHOLOGYAND LEAKYTIME-DRAWDOWNRESPONSE,

E THIS METHOD IS CONSIDEREDVALID FOR DRAWDOWNBEFORE FIGURE F4.4-17STORAGEIS RELEASEDFROM THE AQUITARD.
0o AQUIFERANALYSIS

THEIS TYPE CURVE METHOD

PREPAREDFORNAVALAIR STATIONMOFFETTFIELD

O MOFFE13"FIELD, CALIFORNIA
V _ _ n_"m_,'no1,_,

_ TZC]_TOI,OGY
CORPORATION

MFAATCMD(MF23)



TEST SITE #5 (A2) PZ9.5-1(AQ)
10. Z i i lilill I i i lilili 1 i i iiiiii I i l ililli I i l llll_

- l = 9,16321 £tl/_in Z
- S = 9.9092543

_/B= 0.57

o

0.001
O. 1 1. 10 , 1100' 1000. 10000,

Time (rain)

r,= 208 ft

Q-5 gpm-0.67 ft 3/min
o-,,FIELDMEASUREMENT(TRANSDUCER)

Q.

FIGURE F4.4-18
E AQUIFERANALYSIS

HANTUSH LEAKY TYPE CURVE METHOEASSUMES NO STORAGEIN AQUITARD

._, PREPAREDFORo NAVAL AIR STATIONMOFFETFFIELD

! MOFFEIT n_rrgle_A.'rloNLLFIELD'CALIFORNIA- rrlo CORPOPATION
,d-

_IFAANSMD(MF23)



TEST SITE #5(A2) PT9-3(A_).
'_ 1. _ , r ,, II,II , I ,ll,,Jl I JI I JlI-L

t I
----T = 1 601 £t2/_in
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4_
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! I I

10, 100. 1000, 10000.
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n. NOTE:
BASEDON LITHOLOGYANDLEAKYTIME-DRAWDOWNRESPONSE

E THISMETHODIS CONSIDEREDVALIDFORDRAWDOWNBEFORE
- STORAGEIS RELEASEDFROMTHE AQUITARD. RGURE F4.4-19AQUIFER ANALYSIS

THEIS TYPE CURVE METHOD

PREPAREDFORNAVALAIR STATIONMOFFErr FIELD
o MOFFEFr FIELD, CALIFORNIA

'I_CIINOLOG'/
CORPOI_TION
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TEST SITE #5(A2) PT9- 3(A2)

I._ i ,,,,,i, I ' '' '""I , ,n,,,,_
-- T = 8.781 ft2/_sin _--
-- S = 0. 00156
-- x,/B= O. 5

0

0.01
10. 100. 1000, 10000.
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FIGURE F4.4-20

AQUIFERANALYSISHANTUSH LEAKY TYPE CURVE METHOC
_: ASSUMES NO STORAGE IN AQUITARD
IN

PREPAREDFORNAVAL AIR STATION MOFFETI" FIELD
MOFFETT FIELD. CALIFORNIA

i _ INTERN£TIONAL

TRCHNOLOG'Y
CORPORATION
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, OBSERVATIONPIEZOMETER _ _

(NS) MONITORINGPOINT ELEVATIONNOT SURVEYED _5 _.`1 SCALE:

MONITORINGWELL WO9-33(A2) _ 542 0 100 200 FEET

l SITE _" .,6
r---_WELL I.D. _ FIGUREF4.5-5

WO8-OS(A1)--AQUIFER DESIGNATION SITE 9 POTENTIOMETRICSURFACE
(0.25)--WATER LEVEL ELEVATION(FEET-MSL) _ 3_'__, PRIOR TO PUMP TEST ./ CONTOURMAP, M-AQUIFER

E= PUMP TEST 8
_(12).... POTENTIOMETRICSURFACE CONTOUR _6o OCTOBER,1991,.,': (FEET-MSL) PRIOR TO PUMPING,

DASHED WHERE INFERRED NAVAL AIR STATIONMOFFETT FIELD, CALIFORNIA
IMPLIED GROUNDWATERFLOW

(A1 AVERAGEGRADIENT:0.0045 ft/ft) TECHNOLOGYCORPORATION
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O GROUNDWATERMONITORINGWELL

• PUMPING WELL 3
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(NS) MONITORINGPOINT ELEVATIONNOT SURVEYED _1

I I MONITORINGWELL 542 .t__ i
_NlO9-33(A2) _,,SI]E 1.47) 0 100 200 FEET

[---------WELL I.D. '_
WO8-OS(A1)--AQUIFER DESIGNATION _ FIGUREF4.5-6
(0.25)--WATER LEVEL ELEVATION(FEET-MSL) _" SITE 9 POTENTIOMETRICSURFACEPRIOR TO PUMP TEST CONTOURMAP, A2-AQUIFER

PUMP TEST 8= /'4 ,_\ POTENTIOMETRICSURFACE CONTOUR _o 1' OCTOBER,1991
N ,,_L)-----(FEET-MSL) PRIOR TO PUMPING,

DASHED WHERE INFERRED NAVAL AIR STATION
9_.9"_'\_'G MOFFETT FIELD, CALIFORNIA

IMPUED GROUNDWATERFLOW ,_5
DIRECTION _ INTERNATIONAL
(A2 AVERAGEGRADIENT:0.0056 ft/ft) _ TECHNOLOGYCORPORATION



v STEP DRAWDOWN
WELL # W09-35(A1)

8

6

1
o

10 100 1000

V TIME (MIN.)

iiiiii_iiiiiiiiii!iiii!iiii!iiiiiiiiiiiiii!iiiiiiiiiiiiiiiiiii!_!iiiiiiiiiiiiiiiiiiiiiiiiiii_i_i_i_iiiiiiiiiiii_iiiiiiiii_iiiiiiiiiiiiiii_iiiiiiiii1iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii_iiiiii_ii!iiiiii_iiiiiiiiii_i!i_iiiiiii_i_i_iiiii_iii_iii_iii_iiiiliiiiiiii_i!ii_!ii_!ii_ii_iii_iii_!iiiii_m_ii_ii!!iiiiiiiiiiii!ii!!iiiiii!!!i_i!i!iiii
1 1.1 0.95 1.158

2 2.4 2.35 1.021

3 5.7 NA

FIGURE F4.5-7

Pump Test 8 (A1)
Step-Drawdown Test

NAVAL AIR STATION

MOFFET FIELD, CALIFORNIA

INTERNATIONAL
TECHNOLOGY

V CORPORATION
MOF'_IF4_._W_



i STEP DRAWDOWN
V _ WELL# W09-2O(A2)

2o

13Z

15

j==. _---
, 0 i

50.01 0.1 1 10 100 1000

TIME (MIN,)

_:i_i_i_i_i_i_i_i_iiii_i_i_ii_i!i_i_!i!_!i!i!i!i!!!_i_iiii_iii!_i_!i!i!i!iiiii_iiiiiii:_:_ii_(GM_:_i_i_!i!_i_!_i!_ii_i_!i_!!i_ii_!i!_!__i_i_i_i_i_i_i!i_i_iii_i_i_i_iii_iiiii_i_iiiii_i_ii!:_::_::::::::::_::_i_!_!_!_!_!_!_!_!_!_!_!_!:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_..........._:_:_:_:_:_:_:_:_:_:_:_:_:_:_..............._:.,.::_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:
1 1.4 0.7 2.000

2 3 1.5 2.000
3 6.1 3.25 1.877

4 12 8.25 1.455
5 23

FIGURE F4.5-8

Pump Test 8 (A2)

Note: Step-Drawdown Test

Data for the fifth step is invalid. Stabilization NAVAL AIR STATION
was not achieved due to encroachment on the MOFFETT FIELD, CALIFORNIA
well screen.

INTERNATIONAL
TECHNOLOGY

V CORPORATION
MO F_F4r_.D_W/ I



TEST SITE #8 (AI)RECOVERY WO9-35(AI)

T = g.541 £t2/min

/-="_" 6. 9783E-05

8

0

o- o -
5,- o --_= 0 =

=- oo =:
'-_ 4,

1, 10. 100. 1000. 10000, 1.E+O_
Time t/t'

r=O

Q-4.7 gpm==0.63ft_mln
o- REID MEASUREMENT(TRANSDUCER)

NOTE:

_o SINCE LEAKANCEHAS OCCURREDTHROUGHTHE OVERLYING
AQUITARD,A RESTRICTIONINCORPORATINGTHE LEAKAGEFACTORIS FIGURE F4.5-9

aE DICTATEDBY:
u_ tp + t' < (B2S)/20T AQUIFER ANALYSIS
,i.i THEIS RECOVERYMETHOD

THEREFORE, VALUES OF T MAY BE OVERESTIMATED.

PREPAREDFOR

NAVALAIR STATIONMOFFETTFIELD
o MOFFE-I-FREID, CALIFORNIA

_ r_ n_r_um°HAL_ 'I'IlfflII_OI_GY
CORPOI_TION

h4F_WTR_D(MF23)



Q-4.7 gpm-0.63 ft "3/mln

_: NOTE:
RESPONSECURVEFORTHE PUMPINGWELL FIGURE F4.5-10

E HAS BEENANALYZEDDUETO PROBABLE AQUIFER ANALYSIS
u_ EXCESSIVEDRAWDOWNDUETO WELLEFFECTS PUMPING WELL DRAWDOWN

•"- COOPER-JACOB METHOD
€

PREPAREDFOR
o NAVAL AIR STATION MOFFETT FIELD

o MOFFETT FIELD, CALIFORNIA

CORPOI_TION
MV_TCMD(MV2_)



TEST SITE #8 (A1) PZ9.8-R(A1)

-- T = 0.1052 £t2/_in _.

- S = g.006248

€

v

0.1

0.01

V

O,OOl
0.1 1. 10. 100, 1000.

Time (min)

r,- 12.5 ft

Q-4.7 gpm,=0.63ft.3/mln
o- FIELDMEASUREMENT{TRANSDUCER)

_: NOTE:
(.0

BASED ON LITHOLOG'YAND LEAKYTIME-DRAWDOWNRESPONSE,
oE THIS METHOD IS CONSIDEREDVALID FOR DRAWDOWNBEFORE
_. STORAGEIS RELEASEDFROM THE AQUrrARD. FIGURE F4.5-1 1
6 AQUIFERANALYSIS
"" THEIS TYPE CURVE METHOD

_, PREPAREDFOR
ID
o NAVALAIR STATIONMOFFETTFIELD

MOFFETTFIELD, CALIFORNIA

CORPOI_TION
MFAATCMD(MF23)



TEST SITE #8 (A1) PZ9.8-2(A1)
10. -_. i I IIllil I i I IIlill I i '"'"'l ' _'"'_-

- T = Q.87898 {€2/_in --

- S = 0.005_71

r./B= 0.8

•

V

o 0.1

0.01

0

O,OOl
0.1 1. 10. 100. 1000.

Time (rain)

r-12.5 ft

Q-4.7 gpm

o-FIELD MEASUREMENT(TRANSDUCER) FIGURE F4.5-12
oE AQUIFERANALYSIS

HANTUSH LEAKYTYPE CURVE ME'THOI_
•-" ASSUMES NO STORAGEIN AQUITARD
O4

PREPAREDFOR

NAVALAIR STATIONMOFFE'rT FIELD

o MOFFET["FIELD, CALIFORNIA

r_ __o_,,.TECHNOLOGY
co_o_o_

FAANSMD(MF23)



TEST SITE #8(A1) PZ9.8-4(A1)
v 1, _ i l llllll I- '"""1 ' "J'"'l , ,,,,l__

- T = 0,8166 £t2/plin

- S = 0.1_04_38
m

"" 0.1--
V

m

_: - o
¢S

0.01 -- (m

N

o

0.001
0.1 1. 10. 100, 1000.

Time (min)

r,,, 3Oft

Qm 4.7 gpm-0.63 ft 3/mln
o-FIELD MEASUREMENT('TRANSDUCER)

_1NOTE:
BASED ON UTHOLOGYAND LEAKYTIME-DRAWDOWNRESPONSE.,

0E THIS METHOD IS CONSIDEREDVALID FOR DRAWDOWNBEFORE FIGURE F4.5-15
STORAGEIS RELEASEDFROM THE AQUffARD.

6 AQUIFERANALYSIS
•- THEIS TYPE CURVE METHOD
€

PREPAREDFOR

NAVALAIR STATIONMOFFETTFIELD0

MOFFETTFIELD, CALIFORNIA

_1 TXCHNOLOGY
CORPORATION

MFAATCMD(MF23)



TEST SITE #8(A1) Pzg.8-4(A1)

-T = 0.743 £t2/_in
-- S = 0,0040_5

r,,/B= O..t

0

0,001
0.1 1. 10, 100, 1000,

Tame (mi ri)

r,= 3Oft

Q- 4.7 gpm-0.63 ft 3/rain
,, o-FIEID MEASUREMENT(TRANSDUCER)

HCUREF4.5-14
E
o AQUIFERANALYSISe4
.o. HANTUSH LEAKY TYPE CURVE METHOD
"- ASSUMES NO STORAGEIN AQUITARD

=_' PREPAREDFOR

NAVAL AIR STATIONMOFFE-ITFIELD
MOFFE-[TFIELD, CALIFORNIA

T]KCHNOLOG'Y
CORPORATION

FAANSMD(,MF23)



TEST SITE #8(AI) PZ9.8-6(AI)

T = 1.898 £t2/_in

_- S = 0.GQ_4671

_ O ID 01_ 0

0.0Ol
0.01 0.1 1. 10. 100. 1000.

Time (min)

r=, 54. ft

Q==4.7 gpm,=0.63ft 3/mln
o=,REID MEASUREMENT(TRANSDUCER)

NO'F.:
BASEDON UTHOLOGYAND LEAKYTIME-DRAWDOWNRESPONSE.

E THIS METHODIS CONSIDEREDVALID FOR DRAWDOWNBEFORE FIGURE F4.5-15
r_ STORAGEIS RELEASEDFROM THE AQUffARD.
= AQUIFER ANALYSIS

THEIS TYPE CURVE METHOD

._ PREPAREDFOR
NAVALAIR STATIONMOFFETTFIELD

MOFFETTFIELD, CALIFORNIA

TJ_CHNOLOGY

CORPOI_TION

MFAATCMD(MF23)



0.001
0101 0.i i. I0. I00. i000.

Time (rain)

r= 54 ft

Q- 4.7 gpm-0.63 ft3 /mln
o= RELDMEASUREMENT(TRANSDUCER)

FIGURE F4.5-1 6
E AQUIFERANALYSIS
,_ HANTUSH LEAKY TYPE CURVE METHOD
';'; ASSUMES NO STORAGEIN AQUITARD
o,I

PREPAREDFOR

NAVALAIR STATIONMOFFETTFIELD
MOFFETTFIELD, CALIFORNIA

TECB_OLOGY

COI_ORATION



( ( (

n"
q 1.s

1

_ • PZg.O-2
z

_.1__ _, • Pz,..-,AP_.,_ .

-Jl__

41.5
0.1 10 100 1000

FIGURE F4.5-17
RADIALDISTANCEFROM PUMPINGWELL(It)

DISTANCEDRAWDOWN

Legend Transmissivity PUMP TEST 8(A1), SITE 9

• DrawdowninA1 Zone T= 528 • e 528 °4.7 = 4060.20gpd/ft = 0.38 ft2/min NAVALAIR STATION
_S 0.61 MOFFETTFIELD, CALIFORNIA

0 BestFitLine

_ NTERNATiONAL
TECHN OI.OCT"
CORPOR.4TION



Ot

I, 10. 100. 1000. 10000. 1.E+OG
Time t/t'

r,=O

Q=,14. gpm-1.87 ft3/min
o==FIELDMEa_URF.MENT(TRANSDUCER)

NOTE:
@k |

I,;al

AQUITARD,A RESTRICTIONINCORPORATINGTHE LEAKAGEFACTORIS FIGUREF4.5-18
E DICTATEDBY: - AQUIFERANALYSIS
._. tp + t' < (B2S)/20T THEIS RECOVERY METHOD

THEREFORE,VALUESOF T MAYBE OVERESTIMATED.

PREPAREDFOR

NAVAL AIR STATION MOFFETT FIELD
o MOFFETT FIELD, CALIFORNIA

TXCHNOLOGY

_. CORPOPJLTION
blFAATRMD_'_'



TEST SITE 8(h ) PZ9.8-3(A2)
10. - I l ililll I i I tlilll I I l llllll I I l ilil_

- T = 0.3335 £t2/_in
- S = 0.06563

_/B= 8.3

0.01 -=

0

0.001
1, 10, 100, 1000. 10000,

Time (rain)

r-12.2 ft

Q-14 gpmm1.87 ft _mln
o-REID MEASUREMENT(_ANSDUCER)

FIGURE F4.5-19
E AQUIFERANALYSIS

._. HANTUSH LEAKY TYPE CURVE METHO[
•-- ASSUMES NO STORAGEIN AQUITARD
e4

PREPAREDFOR

NAVALAIR STATIONMOFFEIT FIELD
MOFFETI"FIELD, CALIFORNIA

fiCTIONS.,
:,,. '_CE_OLOGT

CORPO_.TION
IFAANSMD(MF25)



0.01 ---

- <:_0(I31)
_ _
o

O.OOl
O.Ol 0.I I, I0. I00, I000.

Time (rain)

r==30.2 ft

Q- 14 gpm-1.87 ft3/mln
o- F1EIDMEASUREMENT(TRANSDUCER)

_1 NOTE:BASEDON UTHOLOGYAND LEAKYTIME-DRAWDOWNRESPONSE,
THISMETHODIS CONSIDEREDVALIDFORDRAWDOWNBEFOREi,,= FIGUREF4.5-20
STORAGEIS RELEASEDFROMTHEAQUITARD.

,_ AQUIFER ANALYSIS
,i'j THEIS TYPE CURVE METHOD
( THEREFORE,DRAWDOWNDATAAFTER4 MINUTESIS NEGLECTED
( IN THE CURVEMATCH.

PREPAREDFOR
F

"_ NAVAL AIR STATION MOFFETT FIELD
o MOFFETTFIELD,CALIFORNIA

_' _ _zcssow_
CORPOI_kTION

MF_TCMD(M_3)



TEST SITE #8 (A2) Pzg.8-5(A2)

lo. _jl,ll,,I i,j,,,_I ,,,i,,i ,l,lll,I i,l_,,i ,,,j_
-- T = 0.2811 £t2/_in ----
- S = 0. 0005102
m

_/B= O. 2

0.1

O.DD1
O.Ol 0,1 1. 10. 100. 1000.10000.

Time (mln)

r-30.2 ft

Q-14. gpm-1.87 ft3/mln
o-FIELD MEASUREMENT(TRANSDUCER)

FIGURE F4.5-21
E AQUIFERANALYSIS

HANTUSHLEAKY TYPE CURVE METHOE
•:.: ASSUMES NO STORAGEIN AQUITARD

PREPAREDFOR

NAVAL AIR STATIONMOFFETTFIELD
MOFFEI-FFIELD, CALIFORNIA

_ r_l] _rr]cP,_._O._
CORPORATION

lFAANSMD(MF23)



TEST SITE #8 (A2) PZ9.8-7(A2)

= 9.2Q83

0.001
0.01 0.1 1. 10. 100. 1000,

Time (mill)

1"=,49fl

Q- 14 gpm-1.87 fl3/mln
o==RELD MEASUREMENT(TRANSDUCER)

NOTE:
BASED ON LrrHOLOGYAND LEAKYTIME-DRAWDOWNRESPONSE,

E THIS METHODIS CONSIDEREDVALID FOR DRAWDOWNBEFORE
STORAGEIS RELEASEDFROM THE AQUITARD. FIGURE F4.5-22

.,:: AQUIFERANALYSIS
"- THEIS TYPE CURVE METHOD
o,I

PREPAREDFORo NAVAL AIR STATIONMOFFETTFIELD
MOFFETTFIELD, CALIFORNIA

r_ TECHNOLOGY
CORPOI_TION

MFAATCMD(MF23)



•_ TEST SITE #8 (A2) PZ9.8-7(A2)

1o.:,,,,,,,,i"'""'L "'""_I _ _'""I_ _"_
-T = 0,2_83 ft'_/Min
- S = _. B00278.11.

x'/B: 0,4

1,

v

0.1

O.Ol

0 Cxl)O
o

0.001
0.01 0.I I. i0. I00. I000.

Time (rain)

r-49 ft
Q-14 gpm-1.87 ft3/mln
o-REID MEASUREMENT(TRANSDUCER)

FIGURE F4.5-23
E AQUIFER ANALYSIS

HANTUSH LEAKY"TYPECURVE METHOD
•- ASSUMES NO STORAGEIN AQUITARD
O_

m PREPAREDFOR
<,
_o NAVALAIR STATIONMOFFE'['r FIELDo

=: MOFFE'I-I"FIELD, CALIFORNIA
I},I't']mlNA'_ON,LL

CORPOP.ATION
IV_ANSMD(MF23_



TEST SITE #8(AZ) PZ9.8-1(AQ)
10.

T = 0.1146 £t2/_i
S = O, g0226
x./B= 0.3

0

O.OOl
O.Ol 0,I i, I0. I00. I000.I0000.

Time (mln)

r-12.2 ft

Q-14 gpm-1.87 fl3/mln
o-FIELD MEASUREMENT(TRANSDUCER)

ft.

FIGURE F4.5-24
AQUIFER ANALYSIS

HANTUSH LEAKY TYPE CURVE METHOC,iP.,.

•:.: ASSUMES NO STORAGEIN AQUITARD
t'N

PREPAREDFOR

NAVALAIR STATIONMOFFETTFIELD
MOFFETTFIELD, CALIFORNIA

_' _ _-,_ mTmP,.NATIONALTICHNOLOGY
COm'ORA_ON

WAANSMD(MF23)



( ( (

3.5

2.5

O 1.5

_Z_ • PZ9.8-.11

0.5

._''_ ,A W09-14

-0.5
10 100 1000

RADIALDISTANCEFROMPUMPINGWELL(It) FIGUREF4.5-25

DISTANCEDRAWDOWN
Legend TransmissNi_ PUMP TEST 8(A2), SITE9

• DrawdowninA2Zone 528 • Q 528 • 14
T= Z_s 1.20 = 6160gpd/ft = 0.57 ft2/min NAVALAIRSTATION

• BestFit Line MOFFETT FIELD, CALIFORNIA

_ NTERNATIONAL
TECHNOLOGY
CORPORATION



i .TEST SITE #8 SLUG OUT PZ9.8-1(AQ)
( 41(

JL, i i

° 0.9

.

0.001 0.01 0.1 1. 10.
Time (rain)

0==FIELDMEASUREMENT(TRANSDUCER)

II.

o

E USING A UNff THICKNESS OF" 11.0 FT. FIGURE F4.5-26
N YIELDS A HORIZONT/__HYD_UUC CONDUCTIVffY SLUG TEST ANALYSIS
;: OF 0.00096 FT. 2/MIN. COOPER, et al. METHOD

m PREPARED FOR

NAVAL AIR STATION MOFFETT FIELD
MOFFETI"FIELD, C_IJFORNIA

CORPORLTION

MFA3(MF23)



N00296.001453
MOFFETT FIELD
SSIC NO. 5090.3

APPENDIX F - WEST SIDE AQUIFER TEST
ANALYSIS

ATTACHMENT I- PUMP TEST 7, SITE 8

THIS RECORD CONTAINS LARGE VOLUMES OF
DATA AND IS NOT REQUIRED TO BE PHYSICALLY
LOCATED WITH THE ADMINISTRATIVE RECORD

DOCUMENT.

DUE TO EXTENSIVE VOLUME, THIS DATA WILL
NOT BE IMAGED.

TO VIEW THE DATA, CONTACT:

DIANE C. SILVA
RECORDS MANAGEMENT SPECIALIST

NAVAL FACILITIES ENGINEERING COMMAND
SOUTHWEST

1220 PACIFIC HIGHWAY
SAN DIEGO, CA 92132

TELEPHONE: (619) 532-3676



N00296.001453
MOFFETTFIELD
SSIC NO. 5090.3

APPENDIX F- WEST SIDE AQUIFER TEST
ANALYSIS

ATTACHMENT II- PUMP TEST 1, SITE 9

THIS RECORD CONTAINS LARGE VOLUMES OF
DATA AND IS NOT REQUIRED TO BE PHYSICALLY
LOCATED WITH THE ADMINISTRATIVE RECORD

DOCUMENT.

DUE TO EXTENSIVE VOLUME, THIS DATA WILL
NOT BE IMAGED.

TO VIEW THE DATA, CONTACT"

DIANE C. SILVA
RECORDS MANAGEMENT SPECIALIST

NAVAL FACILITIES ENGINEERING COMMAND
SOUTHWEST

1220 PACIFIC HIGHWAY
SAN DIEGO, CA 92132

TELEPHONE: (619) 532-3676



N00296.001453
MOFFETTFIELD
SSIC NO. 5090.3

APPENDIX F- WEST SIDE AQUIFER TEST
ANALYSIS

ATTACHMENT III- PUMP TEST 3, SITE 9

THIS RECORD CONTAINS LARGE VOLUMES OF
DATA AND IS NOT REQUIRED TO BE PHYSICALLY
LOCATED WITH THE ADMINISTRATIVE RECORD

DOCUMENT.

DUE TO EXTENSIVE VOLUME, THIS DATA WILL
NOT BE IMAGED.

TO VIEW THE DATA, CONTACT:

DIANE Cl SILVA
RECORDS MANAGEMENT SPECIALIST

NAVAL FACILITIES ENGINEERING COMMAND
SOUTHWEST

1220 PACIFIC HIGHWAY
SAN DIEGO, CA 92132

TELEPHONE: (619) 532-3676



N00296.001453
MOFFETT FIELD
SSIC NO. 5090.3

APPENDIX F- WEST SIDE AQUIFER TEST
ANALYSIS

ATTACHMENT IV- PUMP TEST 5, SITE 9

THIS RECORD CONTAINS LARGE VOLUMES OF
DATA AND IS NOT REQUIRED TO BE PHYSICALLY
LOCATED WITH THE ADMINISTRATIVE RECORD

DOCUMENT.

DUE TO EXTENSIVE VOLUME, THIS DATA WILL
NOT BE IMAGED.

TO VIEW THE DATA, CONTACT"

DIANE C. SILVA
RECORDS MANAGEMENT SPECIALIST

NAVAL FACILITIES ENGINEERING COMMAND
SOUTHWEST

1220 PACIFIC HIGHWAY
SAN DIEGO, CA 92132

TELEPHONE: (619) 532-3676



N00296.001453
MOFFETT FIELD
SSIC NO. 5090.3

APPENDIX F- WEST SIDE AQUIFER TEST
ANALYSIS

ATTACHMENT V- PUMP TEST 8, SITE 9

THIS RECORD CONTAINS LARGE VOLUMES OF
DATA AND IS NOT REQUIRED TO BE PHYSICALLY
LOCATED WITH THE ADMINISTRATIVE RECORD

DOCUMENT.

DUE TO EXTENSIVE VOLUME, THIS DATA WILL
NOT BE IMAGED.

TO VIEW THE DATA, CONTACT:

DIANE C. SILVA
RECORDS MANAGEMENT SPECIALIST

NAVAL FACILITIES ENGINEERING COMMAND
SOUTHWEST

1220 PACIFIC HIGHWAY
SAN DIEGO, CA 92132

TELEPHONE: (619) 532-3676



N00296.001453
MOFFETT FIELD
SSIC NO. 5090.3

APPENDIX F- WEST SIDE AQUIFER TEST
ANALYSIS

ATTACHMENT VI- BORING LOGS

THIS RECORD CONTAINS LARGE VOLUMES OF
DATA AND IS NOT REQUIRED TO BE PHYSICALLY
LOCATED WITH THE ADMINISTRATIVE RECORD

DOCUMENT.

DUE TO EXTENSIVE VOLUME, THIS DATA WILL
NOT BE IMAGED.

TO VIEW THE DATA, CONTACT:

DIANE C. SILVA
RECORDS MANAGEMENT SPECIALIST

NAVAL FACILITIES ENGINEERING COMMAND
SOUTHWEST

1220 PACIFIC HIGHWAY
SAN DIEGO, CA 92132

TELEPHONE: (619) 532-3676



N00296.001453
MOFFETT FIELD
SSIC NO. 5090.3

APPENDIX F- WEST SIDE AQUIFER TEST
ANALYSIS

ATTACHMENT VII- SOIL CONSOLIDATION TESTS

THIS RECORD CONTAINS LARGE VOLUMES OF
DATA AND IS NOT REQUIRED TO BE PHYSICALLY
LOCATED WITH THE ADMINISTRATIVE RECORD

DOCUMENT.

DUE TO EXTENSIVE VOLUME, THIS DATA WILL
NOT BE IMAGED.

TO VIEW THE DATA, CONTACT"

DIANE C. SILVA
RECORDS MANAGEMENT SPECIALIST

NAVAL FACILITIES ENGINEERING COMMAND
SOUTHWEST

1220 PACIFIC HIGHWAY
SAN DIEGO, CA 92132

TELEPHONE: (619) 532-3676



N00296.001453
MOFFETT FIELD
SSIC NO. 5090.3

APPENDIX F- WEST SIDE AQUIFER TEST
ANALYSIS

ATTACHMENT VIII - GROUNDWATER
ANALYTICAL RESULTS

THIS RECORD CONTAINS LARGE VOLUMES OF
DATA AND IS NOT REQUIRED TO BE PHYSICALLY
LOCATED WITH THE ADMINISTRATIVE RECORD

DOCUMENT.

DUE TO EXTENSIVE VOLUME, THIS DATA WILL
_, NOT BE IMAGED.

TO VIEW THE DATA, CONTACT:

DIANE C. SILVA
RECORDS MANAGEMENT SPECIALIST

NAVAL FACILITIES ENGINEERING COMMAND
SOUTHWEST

1220 PACIFIC HIGHWAY
SAN DIEGO, CA 92132

TELEPHONE: (619) 532-3676
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